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INTRODUCTION
An In c re a s e  in  th e  U t i l i z a t i o n  o f  R esea rch
In  a  1969 a r t i c l e  (W ein b erg er, R . , & T r ip o d i ,  T . ,
1969# P* 439)# i t  was co n c lu d ed  t h a t  b e tw een  th e  y e a r s  o f  
1956 and 1 9 6 5 » " th e  number and  th e  p e r c e n ta g e s  o f  r e s e a r c h  
a r t i c l e s  in c r e a s e d  o v e r  t im e ."  T h is same c o n c lu s io n  can  be 
draw n by lo o k in g  a t  th e  q u a n t i t y  o f  c i t i n g s  o f  r e s e a r c h  
a r t i c l e s  i n  s o c i a l  w ork jo u r n a l s  betw een  th e  y e a r s  o f  1969  
to  1974. In  1969 , 32 c i t i n g s  w ere m ade, a s  com pared w ith  41 
c i t i n g s  i n  1973t and 45 c i t i n g s  i n  1974 . In  lo o k in g  a t  
P s y c h o lo g ic a l  A b s t r a c t s . 30 c i t i n g s  w ere made i n  1965* a s  
com pared w ith  123 f o r  1973*
Not o n ly  a r e  more r e s e a r c h  a r t i c l e s  b e in g  w r i t t e n  in  
r e c e n t  y e a r s ,  b u t  a l s o  more em phasis i s  b e in g  p la c e d  on th e  
a p p l i c a t i o n  o f  r e s e a r c h  f o r  th e  s o c i a l  w ork p r a e t i o n e r .  
A cco rd in g  to  a  r e c e n t  a r t i c l e  (B ose, 1 9 7 3 ) t  among th e  key 
p r e r e q u i s i t e s  f o r  e f f e c t i v e  p la n n in g  o f  s o c i a l  w e lf a r e  
s e r v ic e s  i s  th e  a v a i l a b i l i t y  o f  r e l i a b l e  and  v a l i d  s t a t i s t i c a l  
d a ta  and  in f o rm a t io n .  T h is a r t i c l e  a l s o  g o es on to  sa y  t h a t  
r e s e a r c h  i s  n eeded  a t  e v e ry  s ta g e  o f  th e  p la n n in g  p ro c e s s  1 
d ia g n o s is  o f  s o c i a l  s i t u a t i o n ,  i d e n t i f i c a t i o n  o f  n e e d s , 
d e te r m in a t io n  o f  p la n n in g  o b j e c t i v e s ,  d ev e lo p m en t o f  p o l i c y ,  
s e t t i n g  o f  p r i o r i t i e s ,  fo rm u la t io n  o f  p rog ram s and  s e r v i c e s ,  
m o n ito r in g  o f  im p le m e n ta t io n , and  e v a lu a t io n  o f  p r o g r e s s .
iii
iv
R esearch  i s  a l s o  im p o r ta n t  when u s in g  th e  casew ork  
ap p ro a c h  a s  a  s o c i a l  w o rk e r. In  an  a r t i c l e  e n t i t l e d  
" I m p l ic a t io n s  o f  R e sea rch  F or th e  G oals o f  Casew ork" (R e id f 
1970 , p .  14-1), i t  was s u g g e s te d  t h a t  th e  e f f e c t iv e n e s s  o f  
casew ork  may he b lu n te d  by a  te n d e n c y  o f  c a se w o rk e rs  to  p u rsu e  
t r e a tm e n t  g o a ls  t h a t  a r e  e x c e s s iv e ly  g lo b a l  and  o v e ra m b it io u s . 
The a u th o r  co n c lu d ed  t h a t  r e c e n t  " r e s e a r c h  s u g g e s ts  t h a t  modes 
o f  casew o rk  p r a c t i c e  d i r e c t e d  a t  th e  d e f i n i t i o n  and  r e s o l u t i o n  
o f  v e ry  s p e c i f i c  t a r g e t  p ro b lem s in  b r i e f  c o u rs e s  o f  t r e a tm e n t  
may be more e f f e c t i v e  th a n  t y p i c a l  a p p ro a c h e s  c u r r e n t l y  in  
u s e . "  (R e id , 1970 , p .  1 4 1 ) .
Northwood and  Reed (1969 , P* 165) s t a t e  t h a t  r e s e a r c h  
i n  r a c e  r e l a t i o n s  ean  be u se d  to  p ro v id e  know ledge to  h e lp  
" im plem en t th e  i n s t i t u t i o n a l  v a lu e s  o f  th e  p r o f e s s i o n ,"  and 
to  e s t a b l i s h  f e a s i b l e  and r e a l i z e a b l e  change g o a l s .  R e se a rc h  
h a s  a l s o  been  u sed  to  a n ly z e  c u r r e n t  w e lf a r e  p ro g ram s (W eiss 
& R e in , 1969* W illiam s & E v an s, 1969* W eiss , 1 9 7 0 ) , and  i n  
th e  a d m in i s t r a t io n  o f  s o c i a l  a c t i o n  p rogram s ( T r ip o d i ,
E p s te in ,  & M acM urray, 1 9 7 0 ).
The two c o n c lu s io n s  t h a t  can  be drawn from  th e s e  f a c t s  
a r e  t h a t  r e c e n t  a r t i c l e s  a r e  b e in g  u t i l i z e d  more by  s o c i a l  
w orkers*  and  r e s e a r c h  i s  b e in g  u se d  by  s o c i a l  w o rk e rs  in  
c a sew o rk , g roupw ork , s o c i a l  p la n n in g ,  and  a d m in i s t r a t io n .
The Need f o r  R e sea rch  in  S o c ia l  Work C u rricu lu m
The c o re  c o u r s e s  o f  a l l  a c c r e d i t e d  s o c i a l  work 
s c h o o ls  c o n s i s t  o f  P r a c t i c e ,  Human B eh av io r i n  th e  S o c ia l  
E nv ironm en t (HBSE), S o c ia l  W elfa re  P o l ic y  and  S e rv ic e s  (SWPS) ,
VP ra c tic u m , and  R e se a rc h , R esea rch  i s  a  v i t a l  p a r t  o f  a l l  
o f  th e s e  c o u r s e s .  In  P r a c t i c e ,  r e s e a r c h  i s  c o n s t a n t l y  b e in g  
u n d e r ta k e n  to  expand th e  know ledge o f  t h i s  a r e a .  (P la n a g e n , 
19 7 1 1 S e g a l ,  19721 R e id , 1970)* In  HBSE, new th e o r i e s  a r e  
b e in g  d ev e lo p ed  d a i l y  in  th e  a r e a s  o f  P e r s o n a l i ty  and 
Human D evelopm ent t h e o r i e s .  (M addi, 19721 B a l l  & L in d zey ,
1970 l Johnson  & M edihnus, 1969)* Many r e c e n t  a r t i c l e s  
i l l u s t r a t e  th e  u se  o f  r e s e a r c h  i n  th e  SWPS a r e a .  (O rIa n s ,
1 9 7 1 1 W eiss & R e in , 1969? E n g stro m , 1 9 7 0 l G i l ,  1 9 6 8 ).
R esea rch  i s  a l s o  u t i l i z e d  i n  P ra c tic u m . As th e  
s tu d e n t  le a v e s  th e  c la ss ro o m  en v iro n m e n t and  e n t e r s  th e  
w o rk in g  w o r ld , a l l  o f  th e  p r e v io u s ly  t e s t e d  t h e o r i e s  a r e  p u t  
to  w ork . Even th e  R e sea rch  c o u rse  u t i l i z e s  r e s e a r c h  a s  i s  
i l l u s t r a t e d  i n  su ch  a r t i c l e s  a s  "The E v a lu a t io n  o f  S o c ia l  
Work T each in g  Com petences I s s u e s ,  P s e u d o - I s s u e s ,  and  F u tu re  
D ir e c t io n s "  (Feldm an, 1 9 7 0 ) , and  a l s o  i n  te rm s  o f  th e  v a lu e  
o f  te a c h in g  r e s e a r c h  to  s tu d e n ts  ( G i l ,  1968 and  L ew is, 1969)•
I f  s o c i a l  w ork i s  to  "become a  le a r n e d  p r o f e s s io n ,  
s o c i a l  work e d u c a t io n  m ust have a s  i t s  g o a l  th e  s c i e n t i f i c a l l y  
o r i e n te d  and  com m itted  p r o f e s s io n a l  p r a c t i t i o n e r . " ( G i l ,  1 9 6 8 ). 
T hus, th e  need  f o r  r e s e a r c h  in  th e  s tu d e n t  * s  c u r r ic u lu m  goes 
u n q u e s tio n e d . In  a d d i t i o n ,  th e  c e n t r a l  c o n c e rn s  o f  r e s e a r c h  
c o u r s e s  sh o u ld  be d i r e c t e d  tow ard  p r e p a r in g  a  p r o f e s s io n a l  
p r a c t i t i o n e r  to  be " a p p r e c ia t iv e  o f  s c i e n c e , to  d ev e lo p  in  
h i s  p r o f e s s io n a l  s e l f - a t t i t u d e  an  u n d e r s ta n d in g  l i k e l y  to  
p rom ote  a  s p i r i t  o f  in q u i r y ,  and to  u n d e r ta k e  d e s c r i p t i v e  
s t u d i e s  o f  l im i t e d  s c o p e , an sw e rin g  q u e s t io n s  a r i s i n g  o u t  o f  
s o c i a l  ag en cy  p r a c t i c e . " (L ew is, 1 9 6 9 ).
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The C o u n c il on S o c ia l  Work E d u c a t io n 's  S ta n d a rd s  
f o r  th e  A c c r e d i ta t io n  o f  B a c c a la u re a te  D egree P rogram s in  
S o c ia l  Work ( E f f e c t iv e  J u ly  1 ,  197*0 s t a t e s  t h a t  "An 
e d u c a t io n a l  p rogram  t h a t  p r e p a r e s  f o r  b e g in n in g  p r o f e s s io n a l  
p r a c t i c e  s h a l l  d e m o n s tra te  t h a t  i t *  . . . p r o v i d e s  c o n te n t  in  . . .  
s o c i a l  r e s e a r c h . "  (C .S .W .E ., 197**, P* 1 3 )-
Not o n ly  i s  r e s e a r c h  m an d a ted , b u t  a l s o  r e c e n t  a r t i c l e s  
s u g g e s t  t h a t  th e  " s tu d e n t  in v o lv e m e n t i n  r e s e a r c h  sh o u ld  
c o n s t i t u t e  a  b a s ic  in g r e d i e n t  o f  a l l  g ra d u a te  s tu d y ,  and 
te a c h in g  sh o u ld  t h e r e f o r e  in c lu d e  th e  g u id an ce  o f  s tu d e n ts  i n  
d e v e lo p in g  c o n s t r u c t iv e  r e s e a r c h  u n d e r ta k in g s  r e l a t e d  to  
s p e c i f i c  c u r r ic u lu m  a r e a s . "  ( G i l ,  1 9 6 8 ).
I f  a  s tu d e n t  i s  to  "d e v e lo p  c o n s t r u c t iv e  r e s e a r c h  
u n d e r ta k in g s ,"  ( G i l ,  1 9 6 8 ) , a  b a s ic  know ledge i s  n eeded  on 
th e  s t u d e n t ’ s  p a r t  i n  S t a t i s t i c s . I t  i s  th e  p u rp o se  o f  t h i s  
t e x t  to  p ro v id e  th e  s tu d e n t  w i th  th e  know ledge n eed ed  i n  t h i s  
a r e a ,  a s  an  in t r o d u c t io n  in t o  s o c i a l  work r e s e a r c h .  The f i n a l  
g o a ls  o f  t h i s  a u th o r  a r e  to  d e v e lo p  in  th e  s tu d e n t  th e  a  
a p p r e c ia t io n  and  u n d e r s ta n d in g  o f  th e  u t i l i z a t i o n  o f  r e s e a r c h  
in  th e  s o c i a l  w ork p r o f e s s i o n ,  and  t o  g iv e  th e  s tu d e n t  th e  
s k i l l s  n eeded  to  u n d e r ta k e  in d e p e n d e n t r e s e a rc h '.
O rg a n iz a tio n  o f  th e  T ex t 
Most s t a t i s t i c ’ s  te x tb o o k s  (G a in , 1972? A rm ore, 1966? 
H o e l, 1971 * Hope, 1 9 6 7 1 N o e th e r , 1971) d w e ll on m e th o d o lo g y . 
U n less  th e  s tu d e n t  i s  a  m a th e m a tic ’ s  m a jo r , and  v e ry  few 
s o c i a l  w ork s tu d e n ts  have a  b u s in e s s  u n d e rg ra d u a te  m a jo r , 
a b o u t %% i n  I9 6 0  and  2% i n  1966 (G olden , P in s ,  & J o n e s , 1 972 , 
p .  2 0 ) ,  t h i s  d o es n o t  p ro v e  v e ry  u s e f u l  f o r  th e  p r a c t i t i o n e r .
vii
T h e re fo re ,  t h i s  t e x t  w i l l  g iv e  th e  s tu d e n t  b o th  th e  
m ethodo logy  f o r  f in d in g  a  s t a t i s t i c ,  a s  w e l l  a s  th e  " u s e s ” 
o f  each  s t a t i s t i c  g iv e n . These u s e s  w i l l  r e p r e s e n t  why i t  
w ould be u s e d , when i t  w ould be u s e d , and  w hat i t  r e p r e s e n t s .
The p u rp o se s  o f  t h i s  tw o - fo ld  a p p ro a c h  a r e i  to  
p ro v id e  th e  s tu d e n t  w ith  th e  s k i l l s  to  a n a ly z e  d a t a ,  and 
to  p ro v id e  in fo rm a tio n  w hich  w i l l  be u t i l i z e d  e v e ry  tim e he 
r e a d s  a  p r o f e s s io n a l  jo u r n a l  a r t i c l e  t h a t  h as  any  s t a t i s t i c a l  
a n a l y s i s  i n  i t .
The t e x t  i s  d iv id e d  a s  fo llo w s  s 
C h a p te r  I .  S t a t i s t i c s
C h a p te r  I I .  Term s, C o n c e p ts , and  O p e ra tio n s
C h a p te r  I I I .  F requency  D i s t r i b u t i o n s  
C h a p te r  IV . C e n tr a l  Tendency and  V a r i a b i l i t y
C h a p te r  V. T e s t in g  H ypo theses
C h a p te r  V I. C o r r e la t io n  and  R e g re s s io n
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CHAPTER I.
STATISTICS
What i s  S t a t i s t i c s ?
The te rm  s t a t i s t i c s  b r in g s  to  th e  m inds o f  m ost 
p e o p le  v i s i o n s  o f  c h a r t s  and  g r a p h s , e n d le s s  colum ns o f  
n u m b ers , and  o th e r  m ethods o f  show ing how th e  governm ent 
i s  sp e n d in g  money. "A t one tim e  th e  word r e f e r r e d  e x c lu s iv e ly  
to  n u m e ric a l in fo rm a tio n  r e q u i r e d  by governm en ts f o r  th e  
c o n d u c t o f  s t a t e . "  (N o e th e r , 1971)* But how d o es one go 
a b o u t  d e f in in g  s t a t i s t i c s ?
One way may be t o  u se  th e  d e f i n i t i o n  e sp o u sed  by 
m a th e m a tic ia n s ,  who have on o c c a s io n  d e f in e d  m a th em a tic s  a s  
" b e in g  th o s e  p r o f e s s i o n a l  a c t i v i t i e s  engaged  i n  by  m a th e m a tic ia n s ."  
(A nderson & B a n c ro f t ,  1 9 5 2 ). T hus, s t a t i s t i c s  c o m p rise s  
th o s e  p r o f e s s io n a l  a c t i v i t i e s  en g ag ed  i n  by s t a t i s t i c i a n s .
T h is ,  o f  c o u r s e ,  l e a v e s  one a  b i t  b e w ild e re d .
W ebster ( I9 6 0 )  d e f in e s  s t a t i s t i c s  a s  " f a c t s  o r  d a ta  
o f  a  n u m e r ic a l  k in d ,  a s se m b le d , c l a s s i f i e d ,  and  ta b u la t e d  so 
a s  to  p r e s e n t  s i g n i f i c a n t  in fo rm a tio n  a b o u t a  g iv e n  s u b j e c t . ”
F or o u r p u r p o s e s ,  s t a t i s t i c s , when u se d  i n  th e  
p l u r a l ,  w i l l  mean a  s e t  o f  n u m e ric a l  d a ta  o r  n u m e ric a l  r e c o r d s .
When u se d  i n  th e  s i n g u l a r ,  th e  te rm  s t a t i s t i c  i s  som etim es 
p r o p e r ly  u se d  to  d e n o te  a  p a r t i c u l a r  e n t i t y  i n  a  s e t  o f  
num bers o r  a  p a r t i c u l a r  ite m  in  a  n u m e r ic a l  r e c o r d .  &
1
A s t a t i s t i c  i s  a l s o  a  com puted m e a su re , su ch  a s  
a n  a v e ra g e ,  a  t - v a l u e , a  c o r r e l a t i o n ,  o r  a  C h i-S q u a re  v a lu e ,  
b a se d  on a  sam p le .
Why S tu d y  S t a t i s t i c s ?
S t a t i s t i c a l  m ethods and  c o n c e p ts  have much to  o f f e r  
s o c i a l  w ork s t u d e n t s .  I t  i s  g e n e r a l ly  r e c o g n iz e d  t h a t  
r e s e a r c h  w o rk e rs  r e q u i r e  th e  u se  o f  s t a t i s t i c a l  m ethods to  
p la n  r e s e a r c h  p r o j e c t s  and  e v a lu a te  r e s e a r c h  f in d in g s .  
However, a n  u n d e r s ta n d in g  o f  s t a t i s t i c a l  th e o r y ,  m e th o d s , 
and  c o n c e p ts  i s  o f  s u b s t a n t i a l  im p o rta n ce  to  o th e r s  i n  th e  
p r o f e s s io n  o f  s o c i a l  w ork .
S o c ia l  w o rk e rs  n o t  d i r e c t l y  in v o lv e d  in  r e s e a r c h  
n eed  a  good u n d e r s ta n d in g  o f  s t a t i s t i c s  to  com prehend much 
o f  th e  m a te r i a l  c o n ta in e d  i n  p r o f e s s i o n a l  jo u r n a l s .  S o c ia l  
w o rk e rs  n eed  n o t  be h ig h ly  t r a i n e d  s t a t i s t i c i a n s  i n  o rd e r  
to  r e a d  an d  u n d e rs ta n d  many o f  th e  p u b l is h e d  p r o f e s s io n a l  
a r t i c l e s .  They n eed  n o t  be s k i l l e d  s t a t i s t i c i a n s ,  e i t h e r ,  
i f  th e y  a s p i r e  to w ard s  r e s e a r c h  w ork . However, know ledge o f  
e le m e n ta ry  s t a t i s t i c a l  m e th o d s, c o n c e p ts ,  an d  te rm in o lo g y  i s  
n e c e s s a r y  when th e  s o c i a l  w orker a t te m p ts  a n  in d e p e n d e n t 
r e s e a r c h  p r o j e c t .  He w i l l  th e n  be a b le  to  b e t t e r  fo rm u la te  
h i s  r e s e a r c h  p ro b lem . He w i l l  a l s o  be a b le  to  more f u l l y  
p r o f i t  from  th e  s t a t i s t i c a l  r e s u l t s ,  and  w i l l  be b e t t e r  a b le  
to  u n d e r s ta n d  how to  i n t e r p r e t  th e  r e s u l t s  w i th in  th e  
fram ew ork o f  th e  r e s e a r c h  p ro b lem .
A p p l i c a b i l i t y  o f  S t a t i s t i c a l  M ethods 
S t a t i s t i c a l  m ethods have a  w ide a p p l i c a t i o n .  For 
ex am p le f s t a t i s t i c a l  m ethods a r e  u se d  i n  th e  f i e l d s  o f  s o c i a l  
w o rk , " p sy c h o lo g y , e d u c a t io n ,  s o c io lo g y ,  a n th ro p o lo g y , 
e n g in e e r in g ,  m e d ic in e , b u s in e s s ,  ec o n o m ic s , and  a c c o u n t in g .” 
(A rm ore, 1 9 6 6 ) ,
S t a t i s t i c a l  m ethods a r e  a p p l i c a b l e  to  n u m e ric a l  d a ta .  
There i s  no l i m i t  to  th e  k in d  and q u a n t i t y  o f  n u m e ric a l  d a ta  
to  w h ich  s t a t i s t i c a l  m ethods ca n  be a p p l i e d .  When a  p rob lem  
n e e d s  to  be s o lv e d ,  a  d e c i s io n  n e e d s  to  be m ade, o r  a  
q u e s t io n  n ee d s  to  be  a n sw e re d , i t  i s  n o t  a lw ay s n e c e s s a r y  to  
em ploy s t a t i s t i c a l  m e th o d s. However, when th e  n eed  to  u se  
s t a t i s t i c a l  m ethods a r i s e s ,  i t  i s  a lw ay s  b ec au se  th e r e  i s  a  
p rob lem  to  be s o lv e d ,  a  d e c i s io n  to  be m ade, o r  a  q u e s t io n  
to  be an sw e red .
G e n e ra l ly ,  a  m ost im p o r ta n t  p a r t  o f  th e  a p p l i c a t i o n  
o f  s t a t i s t i c a l  m ethods i s  to  c a r e f u l l y  and  p r e c i s e l y  d e f in e  
th e  p ro b lem  to  be s o lv e d ,  th e  d e c is io n  to  be m ade, o r  th e  
q u e s t io n  to  be a n sw ere d . Once t h i s  i s  d o n e , s t a t i s t i c a l  
m ethods may th e n  be a p p l i e d .
CHAPTER II.
TERMS, CONCEPTS, AND OPERATIONS
P o p u la t io n s  and  Sam ples 
S t a t i s t i c a l  m ethods d e a l  w ith  two ty p e s  o f  d a ta  j 
p o p u la t io n  d a ta  and  sam ple d a t a .  P o p u la t io n  can  he d e f in e d  
a s  th e  co m p le te  s e t  o f  d a ta  r e l a t i n g  to  an  a r e a  o f  i n t e r e s t .
For ex am p le , i f  a  s o c i a l  w o rk e r w an ted  to  know th e  age 
d i s t r i b u t i o n  o f  a l l  w e lf a r e  r e c i p i e n t s  a t  h i s  a g e n c y , th e n  
th e  a g e s  o f  a l l  th e  r e c i p i e n t s  make up th e  p o p u la t io n #  a 
p o p u la t io n  o f  a g e s .  I f  th e r e  a r e  1500 r e c i p i e n t s  a t  th e  
a g e n c y , th e n  th e r e  i s  a  p o p u la t io n  o f  1500  a g e s .
I f  th e s e  1 5 °°  r e c i p i e n t s  c o n s i s te d  o f  1000 fe m a le s  
an d  500 m a le s ,  a  new te rm  can  be in t r o d u c e d .  F or ex am p le , 
i f  th e  w o rk er was i n t e r e s t e d  i n  th e  age d i s t r i b u t i o n  o f  th e  
r e c i p i e n t s  a s  w e l l  a s  th e  s e p a r a te  age  d i s t r i b u t i o n s  f o r  m ale 
and  fem ale  r e c i p i e n t s ,  th e n  th e  1500  a g e s  make up th e  
p o p u la t io n ,  w h ile  th e  500  a g e s  o f  th e  m aleioandiithefelOOO a g e s  
o f  th e  fe m a le s  make up s u b p o p u la t io n s .
The i l l u s t r a t i o n  p r e s e n te d  r e p r e s e n t s  f i n i t e  p o p u la t io n s . 
These a r e  p o p u la t io n s  w h ich  a r e  i n  some way l im i te d  and  c o n ta in  
a  d e te rm in a b le  number o f  i te m s .  F i n i t e  p o p u la t io n s  may be 
s m a ll  o r  th e y  may be l a r g e ,
On th e  o th e r  h an d , a  p o p u la t io n  may be i n f i n i t e . An 
i n f i n i t e  p o p u la t io n  c o n ta in s  a n  u n l im i te d  o r  i n d e f i n i t e l y  l a r g e
*
number o f  i te m s . For ex am p le , r e s e a r c h e r s  may be i n t e r e s t e d  
in  th e  r e s u l t s  o f  a  t r e a tm e n t  m ethod f o r  a l c o h o l i c s .  The 
p o p u la t io n  f o r  t h i s  s tu d y  may be i n f i n i t e  b ec au se  i t  in c lu d e s  
a l l  a l c o h o l i c s  i n  t h i s  c o u n try  to d a y  and  f o r  y e a r s  a h e a d .
Some t e x t s  u se  th e  te rm  u n iv e r s e  in s t e a d  o f  p o p u la t io n .
These te rm s  may be u se d  in te r c h a n g e a b ly .
I f  a  s e t  o f  d a ta  c o n t a i n s i l e s s  th a n  th e  f u l l  scope o f  
in fo rm a t io n  i n  w h ich  you a r e  i n t e r e s t e d f i t  r e p r e s e n t s  a  
sam p le . F or ex am p le , i f  a  com m unity o r g a n iz a t io n  w o rk e r i s  
i n t e r e s t e d  i n  th e  e f f e c t s  o f  a  new program  f o r  t r a i l e r  c o u r t  
r e s i d e n t s  i n  th e  c o u n ty , o f  w h ich  th e r e  a r e  800, b u t  o b ta in s  
in f o rm a t io n  on o n ly  9 5 1 th e n  th e  95 t r a i l e r  c o u r t  r e s i d e n t s  
r e p r e s e n t s  a  sam ple o f  th e  p o p u la t io n  o f  th e  800 t r a i l e r  c o u r t  
r e s i d e n t s .  H ence, a  sam ple r e p r e s e n t s  a  p a r t  o f  th e  p o p u la t io n .
I t  sh o u ld  be n o te d  t h a t  a  c o l l e c t i o n  o f  d a ta  may 
r e p r e s e n t  a  p o p u la t io n  from  one p o in t  o f  v iew  and  a  sam ple 
from  a n o th e r .  For ex am p le , th e  1500 w e lf a r e  r e c i p i e n t s  a r e  
a  p o p u la t io n  i n  te rm s o f  th e  a g e n c y , b u t  a r e  o n ly  a  sam ple 
i n  te rra s  o f  th e  t o t a l  number o f  w e lf a r e  r e c i p i e n t s  i n  th e  
U n ite d  S t a t e s .
D e s c r ip t iv e  and  I n d u c t iv e  S t a t i s t i c s  
D e s c r ip t iv e  s t a t i s t i c s  p ro v id e  m ethods to  o r g a n iz e ,  
sum m arize , and  d e s c r ib e  s e t s  o f  d a ta  w h ich  r e p r e s e n t  
p o p u la t io n s .  In  o th e r  w o rd s , d e s c r i p t i v e  s t a t i s t i c s  i s  th e  
te rm  u se d  when s t a t i s t i c a l  m ethods a r e  a p p l ie d  to  a  s e t  o f  
d a ta  w hich  co m p rise  th e  e n t i r e  p o p u la t io n ,  when co m p le te  
in fo rm a t io n  ( i . e .  th e  t o t a l  p o p u la t io n )  i s  a v a i l a b l e .
U s u a lly  s o c i a l  w o rk e rs  and  o th e r  r e s e a r c h e r s  d e a l  
w ith  sam ple d a ta  r a t h e r  th a n  p o p u la t io n  d a ta .  T h is  i s  
q u i t e  u n d e r s ta n d a b le  when i t  i s  r e a l i z e d  t h a t  c o l l e c t i o n  o f  
d a ta  f o r  a n  e n t i r e  p o p u la t io n  i s  o f t e n  e x p e n s iv e , tim e  
consum ing , a n d , so m e tim es , im p o s s ib le .  Sample d a ta  a r e  
c o l l e c t e d  when i t  i s  d e s i r e d  to  e s t im a te  one o r  more 
p o p u la t io n  c h a r a c t e r i s t i c .  Use o f  sam ple in f o rm a t io n  to  
e s t im a te  p o p u la t io n  c h a r a c t e r i s t i c s  i s  a  form  o f  in d u c t iv e  
i n f e r e n c e . T hat i s ,  i t  in v o lv e s  th e  r e a s o n in g  from  th e  
p a r t i c u l a r  (sam p le ) to  th e  g e n e r a l  ( p o p u la t io n ) .  For 
ex am p le , i n  a  sam ple o f  f a m i l i e s  from  a  com m unity, 68% have 
one o r  more c h i ld r e n  in  s c h o o l .  T h is  f in d in g  i s  g e n e r a l iz e d  
to  th e  p o p u la t io n  by e s t im a t in g  t h a t  68% o f  a l l  f a m i l i e s  i n  
th e  com m unity have one o r  more c h i ld r e n  in  s c h o o l .  When 
s t a t i s t i c a l  m ethods a r e  a p p l ie d  to  sam ple d a ta  i n  o rd e r  to  
make g e n e r a l i z a t i o n s  to  th e  p o p u la t io n ,  th e  m ethods u se d  a r e  
c a l l e d  in d u c t iv e  s t a t i s t i c s .
In  c o n c lu s io n ,  a l l  s t a t i s t i c a l  m ethods a r e  d i r e c t e d  
to w ard s  d e s c r i p t i o n  o f  a  p o p u la t io n .  D e s c r ip t iv e  m ethods 
a r e  u se d  to  d e s c r ib e  a  p o p u la t io n  b a se d  on p o p u la t io n  d a t a .  
I n d u c t iv e  m ethods a r e  u se d  to  d e s c r ib e  a  p o p u la t io n  b a se d  
on sam ple d a t a .  In  a d d i t i o n ,  when one w an ts  to  j u s t  d e s c r ib e  
sam ple d a t a ,  d e s c r i p t i v e  m ethods may a l s o  be u s e d .
V a r ia b le s  and S v m b o llic  N o ta t io n
A v a r i a b l e  i s  a  q u a n t i t y  t h a t  v a r i e s $ o r ,  i t  i s  a  
q u a n t i t y  t h a t  t a k e s  on d i f f e r e n t  v a lu e s .  V a r ia b le s  f a l l  
i n t o  two c a t e g o r i e s  t d i s c r e t e  o r# c o n t in u o u s . A v a r i a b l e  
i s  d i s c r e t e  i f  i t  c a n  ta k e  on o n ly  s p e c i f i e d  v a lu e s .  For
7ex am p le , a  d ie  can  o n ly  ta k e  on num bers w hich  a r e  n o t  l e s s  
th a n  o n e , n o r  g r e a t e r  th a n  s i x .  F u rth e rm o re , o n ly  th e  
s p e c i f i e d  v a l u e s « 1 ,  2 ,  3 ,  4 ,  5* or  6 a r e  p o s s i b l e .  V alu es 
i n  b e tw een  a r e  im p o s s ib le .  Hence d i s c r e t e  v a r i a b l e s  c o n ta in  
g ap s  be tw een  them ,
A c o n tin u o u s  v a r i a b l e  i s  one w hich  c a n  ta k e  on any  
v a lu e  b e tw een  s p e c i f i e d  l i m i t s .  For exam ple , a  p e r s o n ’ s 
h e ig h t  may be 62 in c h e s ,  o r  we m ig h t m easure i t  a s  6 1 .7  i n c h e s ,  
o r  6 1 .6 8  in c h e s ,  o r  61•67917 in c h e s .  A c o n tin u o u s  v a r i a b l e  
i s  a  t h e o r e t i c a l  c o n c e p t.
A q u a n t i t y  w h ich  can  have o n ly  a  s in g l e  v a lu e  i s  
c a l l e d  a  c o n s t a n t .
Each f i e l d  o f  know ledge d e v e lo p s  i t s  own la n g u a g e .
In  th e  f i e l d  o f  s t a t i s t i c s ,  th e  s tu d e n t  n ee d s  to  l e a r n  n o t  
o n ly  new te c h n o lo g y , b u t  a l s o  a  new way o f  com m u n ica tin g .
He m ust l e a r n  to  u se  sy m b o ls . su c h  a s  G reek l e t t e r s ,  t o  
r e p r e s e n t  v a r i a b l e s  and  o p e r a t io n s .
T here a r e  c e r t a i n  c o n v e n tio n s  w hich  a r e  g e n e r a l ly  
fo llo w e d  i n  th e  u se  o f  sy m b o ls . U s u a l ly ,  th e  l e t t e r s  X,
Y, Z, o r  th e  lo w er e a se  l e t t e r s  x ,  y ,  z  a r e  u se d  to  r e p r e s e n t  
v a r i a b l e s .  For ex am p le , i f  we m easure  th e  h e ig h t  ( in  in c h e s )  
o f  th r e e  men a s  7 0 , 6 8 , and  71* we may l e t  X = h eig h t (w hich 
i s  th e  v a r i a b l e  we a r e  c o n c e rn e d  w ith  h e r e ) .  We ca n  th e n  
l e t  X1# X2 , and  X^ s ta n d  f o r  th e  h e ig h t  o f  each  o f  th e  th r e e  
men. The sym bol, X^, i s  r e a d  MX sub  1" o r  **X one.** Then
As a  c o n v e n t io n , th e  e a r l y  l e t t e r s  o f  th e  a lp h a b e t ,
u s u a l ly  lo w er c a se  ( a ,  b ,  c , o r  d )  a r e  u se d  to  d en o te  
c o n s ta n t s .  The l e t t e r s  k and g a r e  a l s o  o f t e n  u se d  to  
d e n o te  c o n s t a n t s .  Som etim es th e  u p p e r  c a s e  l e t t e r s  A, B, 
e» D, K, o r  G a r e  u se d  to  r e p r e s e n t  c o n s ta n t s .
The fo re g o in g  d i s c u s s io n  was m ean t to  in t r o d u c e  th e  
id e a  o f  s v ra b o ll ic  n o t a t i o n . O th er sy m b o ls , r e p r e s e n t in g  
v a r i a b l e s  and  o p e r a t io n s ,  w i l l  be in tro d u c e d  a s  n ee d ed .
M easurem ent S e a le s  
M easurem ent im p l ie s  a  s c a l e .  For ex am p le , to  m easure 
a  p e r s o n ’ s h e i g h t ,  we may u se  a  s c a l e ,  su ch  a s  a y a r d s t i c k ,  
w h ieh  t e l l s  how much h e ig h t  he h a s ,
A s c a le  may be th o u g h t o f  a s  a  d e v ic e  f o r  m e a su r in g : 
a  f o o t  r u l e  i s  a  s c a l e ,  a  sp eed o m e te r i s  a  s c a l e ,  a n d , o f  
c o u r s e ,  a  w e ig h in g  m achine i s  a  s c a l e .  A cco rd in g  to  
c o n v e n t io n a l  v iew s (Hammond & H o u seh o ld e r , 1 9 6 2 ) , th e r e  
a r e  f o u r  ty p e s  o f  s c a l e s  u sed  f o r  m e a su r in g : th e  n o m in a l s c a l e , 
th e  o r d in a l  s c a l e , th e  i n t e r v a l  s c a l e « and  th e  r a t i o  s c a l e .
Nom inal S c a le s
The m ost e le m e n ta ry  s c a le  o f  m easurem ent i s  a  
c l a s s i f i c a t o r y  s c a l e ,  c a l l e d  a  nom in a l s c a l e . The u se  o f  t h i s  
s c a le  in v o lv e s  s e t t i n g  up c a t e g o r i e s  w hich  a r e  c l e a r l y  
d e f in e d  and  d e l i n e a t e d ,  b u t  i n  su ch  a  way t h a t  th e  o n ly  m easure 
o f  a  c h a r a c t e r i s t i c  a v a i l a b l e  from  th e  s c a le  i s  e q u iv a le n c e  o r  
e q u a l i t y . F or ex a m p le , we may c l a s s i f y  c o l le g e  s tu d e n ts  
a c c o rd in g  to  t h e i r  c l a s s  l e v e l ,  u s in g  th e  n o m in a l s c a le  
c a t e g o r i e s :  F teshm an , Sophom ore, J u n io r ,  S e n io r ,  o r  G ra d u a te , 
S tu d e n ts  who f a l l  i n t o  th e  same c a te g o ry  a r e  e q u iv a le n t  ( e q u a l ) .
9T hat i s ,  e q u iv a le n t  w ith  r e s p e c t  to  th e  c h a r a c t e r i s t i c  
m easu red  — c l a s s  l e v e l .  There i s  no o th e r  m easurem ent 
in fo rm a tio n  a v a i l a b l e  from  t h i s  s c a le  o th e r  th a n  e q u iv a le n c e  
( e .g .  b e lo n g in g  to  th e  same c a te g o r y ) .
The s c a le  e le m e n ts  i n  a  n o m in a l s c a le  may be d en o te d  
by nam es, num bers, l e t t e r s ,  o r  an y  s e t  o f  sym bo ls. The 
o n ly  p u rp o se  s e rv e d  by th e  sym bols i s  to  u n iq u e ly  i d e n t i f y  
th e  c a t e g o r i e s  m aking up th e  s c a l e .  As a n  ex am p le , we c o u ld  
u se  th e  n o m in a l s c a le  when r e f e r r i n g  to  th e  r a e e s  o f  man a s  
f o l lo w s :  C a u c a so id , N e g ro id , and  M ongoloid . Or we m ig h t s e t  
up th e  s c a le  a s :  A, B, C , e t c .  In  t h i s  c a s e ,  we d e f in e :  
A =C aucaso id , B85 N eg ro id , e t c .  Or we c o u ld  u se  num bers: 
l= C a u c a s o id , 2 = N eg ro id , e t c .  We c o u ld  u se  any  o th e r  sym bol, 
i f  we w ish ed  t o .  The u se  o f  sym bols to  d e n o te  s c a le  e le m e n ts  
i n  a  n o m in a l s c a le  in  no way im p l ie s  more th a n  m e re ly  c a te g o ry  
i d e n t i f i c a t i o n .  Thus, m easurem ent w ith  th e  u se  o f  a  n o m in a l 
s c a le  in v o lv e s  o n ly  th e  s e p e r a t io n  o f  e le m e n ts  i n t o  m u tu a lly  
e x c lu s iv e  c a t e g o r i e s .
O rd in a l  S c a le s
The n e x t  h ig h e s t  s c a le  o f  m easurem ent i s  th e  o r d in a l  
s c a l e . T h is  i s  a  s c a le  o f  r a n k  o r  r e l a t i v e  im p o r ta n c e . An 
exam ple i s  th e  s c a le  o f  t i t l e s  a s s ig n e d  to  f a c u l t y  members 
i n  a  u n i v e r s i t y :  P r o f e s s o r ,  A s s o c ia te  P r o f e s s o r ,  A s s i s t a n t  
P r o f e s s o r ,  and  I n s t r u c t o r .  These t i t l e s  make up a n  o r d in a l  
s c a l e ,  s in c e  th e y  i n d i c a t e  r e l a t i v e  im p o rta n ce  i n  f a c u l t y  
s t a t u s .
An o r d in a l  s c a le  c o n ta in s  two d e g re e s  o f  m easu rem en t: 
e q u iv a le n c e  and r e l a t i v e  im p o rta n c e  ( g r e a t e r  th a n  o r  l e s s  th a n ) .
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In  o u r ex am p le , f a c u l t y  members w ith  th e  same t i t l e ,  say  
A s s o c ia te  P r o f e s s o r ,  a r e  e q u iv a le n t  ( e q u a l )  i n  s t a t u s .  As 
we p ro c e e d  from  one end o f  th e  s c a le  ( P r o f e s s o r )  to  th e  
o th e r  end o f  th e  s c a le  ( I n s t r u c t o r ) ,  t h e r e  i s  a  c o n s ta n t  
d e c l in e  i n  r e l a t i v e  s t a t u s .
The s c a le  e le m e n ts  i n  a n  o r d in a l  s c a l e  may be e x p re s s e d  
in  te rm s  o f  an y  s e t  o f  sym bols w h ich  p ro v id e  th e  p r o p e r ty  
o f  r a n k in g .  F or ex am p le , i f  we w ish  to  r a n k  th r e e  s tu d e n ts  
on t h e i r  i n t e l l i g e n c e  l e v e l s ,  we m ig h t s e t  up a  s c a le  a s  
f o l lo w s i  s m a r t ,  s m a r te r ,  s m a r t e s t .  Or we m ig h t u se  A, B, C, 
w here A = sm art, e t c .  Or we m ig h t u se  1 ,  2 ,  3 ,  w here 1= s m a r t ,  e t c .
I t  sh o u ld  be n o te d  t h a t ,  w h ile  num ber o r  l e t t e r  
s e q u e n c e s  may be u se d  i n  th e  c o n s t r u c t io n  o f  an  o r d in a l  s c a l e ,  
a s  w e l l  a s  a  n o m in a l s c a l e ,  th e  in fo rm a t io n  s u p p l ie d  i s  
d i f f e r e n t .  The u se  o f  1 ,  2 ,  o r  3 f o r  a  n o m in a l s c a le  p ro v id e s  
o n ly  th e  in fo rm a tio n  t h a t  th e r e  a r e  th r e e  c a t e g o r i e s .  In  th e  
o r d in a l  s e a l e ,  t h i s  in fo rm a t io n  i s  p r o v id e d ,  p lu s  th e  
in f o rm a t io n  o f  r e l a t i v e  im p o r ta n c e . In  th e  exam ple o f  
i n t e l l i g e n c e  l e v e l s ,  3 i d e n t i f i e s  a n  i n t e l l i g e n c e  l e v e l  
c a te g o r y  d i f f e r e n t  from  1 . F u rth e rm o re , 3 i n d i c a t e s  more 
i n t e l l i g e n c e  th a n  i s  in d ic a t e d  by  1 o r  2 .
There a r e  tim e s  when 3 w i l l  n o t  a lw ay s i n d i c a t e  more 
o f  so m e th in g  th a n  1 o r  2 . I f ,  by  d e f i n i t i o n ,  3S3S®a * 't ,
2 « s m a r te r , and  l= s m a r t e s t ,  th e n  1 w ould i n d i c a t e  more 
i n t e l l i g e n c e  th a n  i s  in d ic a t e d  by  2 o r  3* In  an  o r d in a l  
s c a l e ,  th e  num ber u se d  to  i n d i c a t e  th e  c a te g o r y  i s  o n ly  a  
sy m b o l* w hich  i s  why th e  sym bol 1 may in d i c a t e  a  h ig h e r  
r e l a t i v e  s t a t u s  th a n  th e  sym bols 2 o r  3*
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M easuring  w ith  a n  o r d i n a l  s c a le  r a t h e r  th a n  a  
n o m in a l s c a le  i s  u s u a l ly  p r e f e r a b l e ,  b ec a u se  o r d in a l  s c a le  
m easu rem en ts p ro v id e  d a ta  i n  a  form  w h ich  p e r m its  m ore, 
and  b e t t e r ,  a n a ly s i s  o f  d a t a .  The f a c t  t h a t  o r d in a l  s c a l e s  
do im p ly  d i r e c t i o n  i s ,  o f  c o u r s e ,  an  a d v a n ta g e . N e v e r th e le s s ,  
a l th o u g h  o r d in a l  s c a l e s  i n d i c a t e  g r e a t e r  th a n  and  l e s s  th a n ,  
th e y  p ro v id e  no in fo rm a tio n  a s  to  "how much" o f  a  d i f f e r e n c e  
e x i s t s .  Where su ch  in fo rm a t io n  i s  r e q u i r e s  o r  d e s i r e a b l e ,  
a n  i n t e r v a l  s c a le  m ust be em ployed .
I n t e r v a l  S c a le s
An i n t e r v a l  s c a le  i s  one f o r  w h ich  i t  i s  p o s s i b le  to  
q u a n t i f y  th e  i n t e r v a l s ,  th e  d i s t a n c e s ,  w h ich  l i e  b e tw een  
th e  num bers c o n s t i t u t i n g  th e  d a t a ,  " Q u a n tify in g  th e  i n t e r v a l s "  
means e x p r e s s in g  t h e i r  l e n g th  o r  e x t e n t  i n  te rm s  o f  some 
f i x e d ,  w e l l -u n d e r s to o d  u n i t  o f  m easu rem en t. For ex am p le , 
su p p o se  a n  exam in  a  human b e h a v io r  c o u rs e  c o n ta in in g  25 q u e s t io n s  
o f  e q u a l  d i f f i c u l t y  (assu m in g  t h i s  i s  p o s s i b l e )  i s  g iv e n  to  
a  c l a s s  o f  s tu d e n t s .  I f  e a c h  c o r r e c t  an sw er s c o re s  one p o i n t ,  
th e n  t e s t  s c o re s  c o u ld  ra n g e  from  0 to  2 5 . I f  t h i s  t e s t  
m easu res  know ledge i n  th e  human b e h a v io r  a r e a ,  th e n  th e  s c a le  
o f  t e s t  s c o re s  ( 0 , 1 , 2 , 3 , . . . 2 5 ) r e p r e s e n t s  an  i n t e r v a l  
s c a l e ,  An i n t e r v a l  s c a l e ,  t h e n ,  c o n ta in s  th r e e  d e g re e s  o f  
m easurem ents e q u iv a le n c e . r e l a t i v e  im p o r ta n c e , and  a  u n iq u e  
u n i t  o f  m easurem ent w i th  a  known d is t a n c e  b e tw een  an y  two 
i n t e r v a l s .
B ecause o f  th e  e x i s te n c e  o f  a  u n iq u e  u n i t  o f  
m easu rem en t, th e  i n t e r v a l  s c a le  p ro v id e s  a  m easure o f  th e
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d is t a n c e  ( i n t e r v a l )  b e tw een  s c a le  v a lu e s .  In  th e  exam ple 
n o te d  a b o v e , i f  two s tu d e n t s  o b ta in e d  s c o re s  o f  15 and  2 0 , 
r e s p e c t i v e l y ,  we c o u ld  o b se rv e  t h a t  th e  seco n d  s c o re  i s  
5 p o in t s  h ig h e r  th a n  th e  f i r s t .  M oreover, w ith  a n  i n t e r v a l  
s c a l e , r a t i o s  o f  s c a l e s  i n t e r v a l s  a r e  m e a n in g fu l. For 
ex am p le , c o n s id e r  t e s t  s c o r e s  o f  1 0 , 1 5 , and  2 5 , w h ich  in d i c a t e  
i n t e r v a l s  o f  5 and  10 p o i n t s .  The i n t e r v a l  r a t i o  i s  1 0 /5 = 2 .
T h is  i n d i c a t e s  t h a t  th e  t h i r d  s c o re  (2 5 ) ex c ee d s  th e  second  (15) 
by  tw ic e  a s  much a s  th e  seco n d  e x c ee d s  th e  f i r s t  (1 0 ) .
When a v a i l a b l e ,  i n t e r v a l  s c a l e s  a r e  o f  enorm ous 
a d v a n ta g e  o v e r  n o m in a l s c a l e s  and  o r d in a l  s c a l e s ,  b e c au se  
m ost o f  th e  o r d in a r y  p ro c e d u re s  o f  a r i t h m e t i c  c a n  be a p p l ie d  
to  th e  n u m e ra ls  w h ich  r e p r e s e n t  p o in t s  on th e  s c a l e s .
I n t e r v a l  s c a le  num bers c a n  be a d d e d , s u b t r a c t e d ,  m u l t i p l i e d ,  
and  d iv id e d ,  f o r  ex am p le , w
There a r e ,  how ever, s e v e r a l  l i m i t a t i o n s  o f  a n  i n t e r v a l  
s c a l e .  One l i m i t a t i o n  i s  th e  la c k  o f  an  a b s o lu te  z e ro  p o i n t .
F o r ex am p le , i f  a  s tu d e n t  d id  n o t  answ er an y  q u e s t io n s  c o r r e c t l y  
on th e  human b e h a v io r  exam , h i s  s c o re  w ould be z e r o .  However, 
t h i s  c o u ld  h a r d ly  be ta k e n  to  mean t h a t  he h a s  no know ledge 
o f  th e  s u b je c t  a r e a .  In  an  i n t e r v a l  s c a l e ,  th e  z e ro  p o in t  
i s  a r b i t r a r y .  An a d d i t i o n a l  l i m i t a t i o n  i s  th e  f a c t  t h a t ,  i n  
a n  i n t e r v a l  s c a l e ,  th e  r a t i o  b e tw een  s c a le  v a lu e s  i s  n o t  
m e a n in g fu l . For ex am p le , i f  one s tu d e n t  s c o re d  10 on th e  
exam , and  a n o th e r  s c o re d  2 0 , i t  can  n o t  be co n c lu d e d  t h a t  th e  
seco n d  s tu d e n t  h as  tw ic e  a s  much know ledge a s  th e  f i r s t  s tu d e n t .  
The s c a le  v a lu e s  o f  a n  i n t e r v a l  s c a le  c a n  o n ly  be e x p re s s e d  
n u m e r ic a l ly .
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R a tio  S c a le s
The h ig h e s t  l e v e l  o f  m easurem ent i s  a  r a t i o  s c a l e .
A r a t i o  s c a le  h a s  a l l  o f  th e  p r o p e r t i e s  o f  an  i n t e r v a l  s c a l e ,  
p lu s  an  a b s o lu te  o r  t r u e  z e ro  p o i n t . An i n t e r v a l  s c a l e  can  
be c o n v e r te d  i n t o  a  r a t i o  s c a le  i f  i t  can  be shown t h a t  i t  h a s  
an  a b s o lu te  z e ro  o r  o r i g i n  from  w hich  m easu rem en ts a r e  made.
T h is  z e ro  m ust be a b s o lu te  o r  r e a l  in  th e  se n se  t h a t  th e r e  
i s  o n ly  one p o s s ib le  p o in t  on th e  s c a le  w hich  may r e p r e s e n t  
i t .  The s c a l e s  on w hich  we m easure  h e ig h t  and  w e ig h t a r e  
exam ples o f  r a t i o  s c a l e s .  I f  an  o b je c t  i s  s a id  to  w eigh  
z e ro  p o u n d s , we mean t h a t  t h i s  o b je c t  h a s  no w e ig h t .
In  a d d i t i o n  to  th e  r a t i o  betw een  two s c a l e r i n t e r v a l s  
b e in g  m e a n in g fu l,  th e  r a t i o  be tw een  two s c a le  v a lu e s  a r e  a l s o  
m e a n in g fu l i n  a  r a t i o  s c a l e .  T h is  i s  due to  th e  f a c t  t h a t  
th e  t r u e  z e ro  p o in t  p ro v id e s  a  m easure o f  th e  i n t e r v a l  ( d i s t a n c e ) 
o f  a  g iv e n  s c a le  v a lu e  from  t h i s  t r u e  z e ro  p o i n t .  For 
ex am p le , a  h e ig h t  o f  20 y a rd s  means an  i n t e r v a l  o f  tw en ty  
y a rd s  from  z e ro  h e ig h t .  In  th e  same s e n s # ,  su p p o se  two 
o b je c t s  w eigh  5°  and  10 p o u n d s , r e s p e c t i v e l y .  Then th e  r a t i o  
b e tw een  v a lu e s  i s  50/ 10=5 * I t  ca n  be co n c lu d e d  t h a t  th e  
h e a v ie r  o b j e c t  i s  f i v e  tim e s  a s  heavy  a s  th e  l i g h t e r  one.
The s c a le  v a lu e s  i n  a  r a t i o  s c a le  can  o n ly  be e x p re s s e d  
n u m e r ic a l ly .
P le a s e  n o te  A ppendix A f o r  a summary o f  m easurem ent
s c a l e s .
M ie s  f o r  Summation 
One o f  th e  key  o p e r a t io n s  to  th e  deve lopm en t and
Ik
a p p l i c a t i o n  o f  s t a t i s t i c a l  p ro c e d u re s  i s  th e  sum m ation 
o p e r a t i o n , Many o f  th e  s t a t i s t i c a l  p ro c e d u re s  w hich  we w i l l  
e n c o u n te r  in  l a t e r  c h a p te r s  ( e .g .  C e n t r a l  T endency , V a r i a t io n s ,  
and  C o r r e l a t i o n )  t y p i c a l l y  r e q u i r e  th e  a d d i t i o n  (sum m ation) 
o f  s e t s  o f  te rm s . F or ex am p le , l e t  X s ta n d  f o r  " s c o re s  
on an  a c c r e d i t a t i o n  exam ," and l e t  th e n  r e p r e s e n t  a  
p a r t i c u l a r  s c o r e .  L e t u s  c o n s id e r  f o u r  s p e c i f i c  s c o r e s i  
X^, Xg, X^, X^* th e n  we may r e p r e s e n t  th e  sum m ation o f  th e s e  
f o u r  s c o re s  by th e  sym bol: ^ . The c a p i t a l  G reek l e t t e r
i « l
(s ig m a) d e n o te s  th e  sum m ation o p e r a t io n .  The sym bol: ^
xi
i= l
i s  r e a d  a s  " th e  sum o f  X^, i  v a ry in g  from  1 th ro u g h  4 ."  We 
may show th e  m eaning  o f  t h i s  sum m ation sym bol a l g e b r a i c a l l y  
a s  f o l l o w s : 
k
^  X± 4- X2 -  X3 + XV
i= l
Suppose X ^ IO , X2= l6 ,  X ^-14, and  X^=9. Then we may
h. k
w r i te * F * i -  10 + 16 + 14 + W  o r  X- =
i= l  i= l
The l e t t e r  i  i s  e a l l e d  th e  in d e x  o f  th e  sum m ation.
The ra n g e  o f  t h i s  in d e x  i s  s p e c i f i e d  by show ing th e  lo w er
l i m i t  (1 )  below  th e  sum m ation s i g n ,  ^  , and  th e  u p p e r  l i m i t  (k)
above i t .  In  th e  above i l l u s t r a t i o n ,  th e  ra n g e  o f  th e
sum m ation in d e x  i s  from  1 th ro u g h  4 ,
The sum m ation n o t a t i o n  may be u se d  to  s p e c i f y  sums
o f  an y  num ber o f  te rm s . In  g e n e r a l ,  we may sp eak  o f  N te rm s .
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For ex am p le , we may sp e ak  o f  summing N X -s c o re s , T hat i s ,  
when $5=4, we mean k s c o re s  when N=500 t we mean 500  s c o r e s ,  e t c .  
G e n e ra l ly ,  th e n ,  we s p e c i f y  th e  sum m ation o f  N X -s c o re s  a s t
2 V  X1 + x2 + x3 + • • •  + % •
i - l
There a r e  t h r e e  s im p le  r u l e s  o f  sum m ation w hich  a r e  
h e l p f u l  and  f r e q u e n t ly  u se d  i n  th e  d eve lopm en t and  a p p l i c a t i o n  
o f  s t a t i s t i c a l  p ro c e d u re s !
R ule One s t a t e s  t h a t  th e  sum m ation o f  a  sum, o r
d i f f e r e n c e ,$ o f  te rm s  i s  e q u a l  t o  th e  sura, o r  d i f f e r e n c e ,  o f
th e  i n d iv i d u a l  sum m ations o f  e a c h  te rm ,
H N N N
RULE ONE y ~ ( X i  + )= ^ ~ X i  + Y1 -  2 ^
i=l i=l i=l 1*1
R ule Two s t a t e s  t h a t  th e  sum m ation o f  a  te rra  in v o lv in g
a  c o n s t a n t ,  K, tim e s  a  v a r i a b l e ,  X^, i s  e q u a l  to  th e  c o n s ta n t
t im e s  th e  sum m ation o f  th e  v a r i a b l e ,
N N
RULE TWO KXt = K ^~X 1<
i»l 1=1
F i n a l l y ,  Rule Three s t a t e s  t h a t  th e  sum m ation o f  a  
c o n s ta n t  i s  e q u a l  t o  th e  c o n s ta n t  t im e s  th e  number o f  t im e s  
i t  i s  in c lu d e d  in  th e  sum m ation ,
N
RULE THREE X K= NK.
i= l
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CHAPTER I I I .
FREQUENCY DISTRIBUTIONS
O rg a n iz a t io n  o f  Raw D ata 
V ery f r e q u e n t l y ,  a  r e s e a r c h i s t  w i l l  f in d  h im s e lf  
f a c e d  w ith  a  l a r g e  m ass o f  u n o rg a n iz e d  o r  raw  d a t a . For 
ex am p le , suppose  t h a t  th e  r e s e a r c h i s t  h as  m easu red  th e  h e ig h t  
o f  tw e n ty - e ig h t  m ale c o l le g e  s t u d e n t s ,  and r e c o rd e d  th e  h e i g h t s ,  
ro u n d ed  to  th e  n e a r e s t  in c h ,  a s  th e y  w ere o b ta in e d .  H is 
r e c o r d  s h e e t  w ould lo o k  l i k e  th i s *  6 8 , 7 0 , 6 4 , 7 4 , 7 1 ,
6 8 , 6 6 , 6 9 , 7 0 , 7 0 , 6 7 , 7 4 , 6 7 , 6 9 , 7 1 , 6 7 , 6 9 , 7 2 , 6 8 , 7 1 ,
6 9 , 7 0 , 6 7 , 6 8 , 6 8 , 7 0 , 6 9 , an d  70.
I t  i s  q u i t e  d i f f i c u l t  to  g e t  a  v e ry  a d e q u a te  id e a  o f  
th e  c h a r a c t e r i s t i c s  o f  t h i s  g ro u p  o f  d a ta  from  su ch  a  l i s t  
o f  raw  d a t a .  S in ce  we know t h a t  h e ig h t  i s  a  v a r i a b l e  w ith  
c h a r a c t e r i s t i c s  o f  a  r a t i o  s c a l e ,  i t  makes s e n se  to  p u t  th e  
s c o re s  i n  th e  o r d e r  o f  t h e i r  s iz e *  6 4 , 6 6 , 6 ? ,  6 7 , 6 ? ,  6 7 ,
6 8 , 6 8 , 6 8 , 6 8 , 6 8 , 6 9 , 6 9 , 6 9 , 6 9 , 6 9 , 7 0 , 7 0 , 7 0 , 7 0 , 7 0 ,
7 0 , 7 1 , 7 1 , 7 1 , 7 2 , 7 4 , and  74 . T h is  r a n k in g  d o es add  to
th e  m e a n in g fu ln e s s  o f  th e  s e t  ©f h e i g h t s .  F o r ex am p le , i t
i s  now a p p a re n t  t h a t  th e  h e ig h t s  ra n g e  from  a  low o f  64 in c h e s  
to  a  h ig h  o f  74 in c h e s .  I t  may a l s o  be o b se rv e d  t h a t  m ost 
o f  th e  h e ig h ts  o c c u r  more th a n  o n ce . I t  c a n  be se e n  t h a t  a  
l a r g e  num ber o f  th e  m a les  w ere 6 7 , 6 8 , 6 9 , o r  70 in c h e s  t a l l ,  
f o r  exam ple .
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H anking i s  a  form  o f  o r g a n i z a t i o n . w h ich  ad d s  s y s te m a t ic  
a r ra n g e m e n t to  th e  fo rm e r ly  u n o rg a n iz e d  c o l l e c t i o n  o f  raw  d a ta .  
However, i n  g e n e r a l ,  o n ly  l im i t e d  i n s i g h t  i n t o  th e  d a ta  i s  
p o s s i b l e  by m e re ly  r a n k in g .  What i s  needed  i s  s u m m a riz a tio n . 
a s  w e l l  a s  o r g a n iz a t io n . T ab le  3*1 p r e s e n t s  a  p o s s i b le  form  
o f  d a ta  su m m a riz a tio n , in c lu d in g  s y s te m a t ic  a r ra n g e m e n t. The 
t a b l e  i s  a r r a n g e d  i n  two co lu m n s. The f i r s t  colum n l i s t s  th e  
p o s s i b l e  h e ig h t s  w i th in  th e  ra n g e  o f  h e ig h ts  (X^) .  The seco n d  
colum n shows th e  f re q u e n c y  ( f ^ )  w ith  w hich  each  h e ig h t  o c c u rs  
among th e  tw e n ty - e ig h t  s u b j e c t s .
T ab le 3*1 S im ple G rouping  o f  H e ig h ts  o f
28 Male C o lle g e  S tu d e n ts  i n  In c h e s .
S core  F requency
X. f .l  l
6k 1
65 & 0 
66 1
67 k
68 5
69 5
70 6
71 3
72 1
73 0
7k 2
A n o th er way o f  p r e s e n t in g  th e  d i s t r i b u t i o n  i n  T ab le  3*1 
i s  by means o f  a  segm ented  l i n e ,  o r  l i n e a r  s c a l e »
F requency  1 0 1 4 5 5 6 3 1 0 2
— i— i— i— i— i— i— i— i— i— i— i—
H eig h t 64 65  66 6? 68 69  70 71 72 73 74
The su m m a riz a tio n  o f  th e  tw e n ty - e ig h t  h e ig h t s  in  
T ab le  3 .1  we w i l l  c a l l  s im p le  g ro u p in g # b ecau se  i t  i s  th e  
s im p le s t  form  o f  s c o re  g ro u p in g  p o s s i b l e ,  and  b ec a u se  no 
in f o rm a t io n  i s  l o s t  i n  th e  p r o c e s s .  T hat i s ,  th e  t a b l e  le a v e s
no d o u b t a s  to  e x a c t l y  w hich  h e ig h ts  a r e  in c lu d e d  in  th e  sam p le ,
A s im p le  g ro u p in g  f re q u e n c y  ta b le *  su ch  a s  T able 3*1 * 
e x h i b i t s  th e  f re q u e n c y  d i s t r i b u t i o n  o f  a  c o l l e c t i o n  o f  raw  
s c o r e s .  The f re q u e n c y  d i s t r i b u t i o n  i s  a  m ethod f o r  p r e s e n t in g  
a  s e t  o f  d a ta  i n  an  eco n o m ica l fa s h io n *  a way t h a t  a v o id s  th e  
red u n d an cy  o f  l i s t i n g  i d e n t i c a l  s c o r e s .  I t  w i l l  be o b se rv e d  
t h a t  t h i s  su m m a riz a tio n  p e rm its  b e t t e r  u n d e r s ta n d in g  o f  how 
s im p le  g ro u p in g  p ro v id e s  a n  a d e q u a te  u n d e r s ta n d in g  o f  th e  s c o re  
d i s t r i b u t i o n .  N e a rly  a lw a y s , f u r t h e r  su m m ariza tio n  i s  
n eed ed  f o r  a  b e t t e r  u n d e r s ta n d in g  o f  th e  d i s t r i b u t i o n  o f  
th e  d a ta .
F u r th e r  su m m a riz a tio n  o f  th e  d a ta  r e q u i r e s  more 
co n d en sed  g ro u p in g  o f  th e  s c o r e s .  F or exam ple* T ab le  3*2 
p r e s e n t s  th r e e  f re q u e n c y  t a b l e s  w ith  a  v a r y in g  d e g re e  o f  
su m m a riz a tio n  o f  th e  28 h e ig h ts  i n  e a c h .
T ab le  3*2 F req u en cy  T ab le s  o f  H e ig h ts
o f  28 Male C o lle g e  S tu d e n ts  i n  In c h e s .
(A) (B) (C)
S co re  f re q u e n c y  S co re  F req u en cy  S co re  F req u en cy
I n t e r v a l  ( f ^ ) I n t e r v a l  ( f ^ )  I n t e r v a l  ( f ^ )
64-65  1 64-66  2 64-67  6
66-67  5 6 7 -6 9  14 68-71 19
68-69  10  70-72  10 72-75 3
70-71 9 73-75  2
72-73 1
74-75  2
I t  w i l l  be o b se rv e d  t h a t  su m m ariz a tio n  beyond s im p le  
g ro u p in g  i s  accom pan ied  by some lo s s  o f  in f o rm a t io n .  However, 
th e  g a in  from  a d e q u a te  su m m ariz a tio n  i n  a  w e l l - c o n s t r u c te d  
f re q u e n c y  t a b l e  o u tw e ig h s  an y  lo s s  o f  in f o rm a t io n .  A f re q u e n c y , 
w ith  su m m ariza tio n  beyond s im p le  g ro u p in g , p r e s e n t s  a  more
co m p ac t, more e a s i l y  v i s u a l i z e d  r e p r e s e n t a t i o n  o f  th e  
f re q u e n c y  d i s t r i b u t i o n .
In  sum m ariz ing  raw  d a t a ,  an  im p o r ta n t  c o n c e rn  i s  how 
f a r  to  g o . T ab le  3*3» g e n e r a l ly  b a sed  on th e  r e s u l t s  o f  
a n  a r t i c l e  by  H. A, S tu rg e s  ( S tu r g e s ,  1 9 2 6 ) , sum m arizes th e  
num ber o f  c l a s s  i n t e r v a l s  to  u se  when c o n s t r u c t in g  a  
f re q u e n c y  t a b l e .
T ab le  3«3 A pprox im ate  Number o f  C la s s e s  to  Use 
When C o n s tru c t in g  a  F req u en cy  T ab le .
Number o f  I tem s A pprox im ate  Number
o f  Raw D ata__________________o f  C la s s e s  to  Use
15-2 9 5
30-59 6
6 0 -9 9 7
100-199 8
200-499 9
500-999 10
1 ,0 0 0 -1 ,9 9 9 11
2 ,0 0 0 -3 ,9 9 9 12
4 ,0 0 0 -7 ,9 9 9 13
8 ,0 0 0 -1 4 ,9 9 9 14
1 5 ,0 0 0 -3 4 ,9 9 9
3 5 ,0 0 0 -6 9 ,9 9 9 16
7 0 ,0 0 0 -1 4 9 ,9 9 9 17
1 5 0 ,0 0 0 -2 9 9 ,9 9 9 18
3 0 0 ,0 0 0 -4 9 9 ,9 9 9 19
5 0 0 ,0 0 0  an d  o v e r 20
C o n s tru c t io n  o f  F req u en cy  D i s t r i b u t i o n s  —
F req u en cy  T a b le s  
The p r im a ry  r u l e  to  fo l lo w  when c o n s t r u c t in g  f re q u e n c y  
d i s t r i b u t i o n s  i s  to  p r e s e n t  th e  d a ta  i n  a  form  t h a t  makes 
se n se  and  an sw e rs  th e  q u e s t io n s  m ost p e r t i n e n t  t o  th e  r e s e a r c h e r .  
There a r e  two commonly u se d  m eans o f  r e p r e s e n t in g  f re q u e n c y  
d i s t r i b u t i o n s  s f re q u e n c y  t a b l e s  and  g ra p h ic  r e p r e s e n t a t i o n .
T a l ly  T ab le s  and  S im ple  G rouping
C o n s tru c t io n  o f  a  f re q u e n c y  t a b l e  b e g in s  w i th  a  
c l e a r  u n d e r s ta n d in g  o f  th e  p u rp o s e s  th e  t a b l e  i s  to  s e rv e .  
G e n e ra l ly ,  im p o r ta n t  u s e s  o f  a  f re q u e n c y  t a b l e  a r e  to  s tu d y  
o v e r - a l l  d i s t r i b u t i o n  o f  th e  raw  d a t a ,  and  to  p ro v id e  a  
t a b u l a r  summary c o n v e n ie n t  f o r  c o m p u ta tio n  o f  v a r io u s  
d e s c r i p t i v e  m e a su re s .
As a  g e n e r a l  r u l e ,  t h e r e  i s  no n ee d  to  o rg a n iz e  th e  
raw  d a ta  i n t o  s im p le  g ro u p in g  t a b l e s .  However, t h e r e  may be 
in s t a n c e s  when so  l i t t l e  i s  known a b o u t  th e  d a t a ,  t h a t  s im p le  
g ro u p in g  may be c o n s id e re d  a  d e s i r e a b l e  s t e p .  T h is  may be 
a c c o m p lish e d  th ro u g h  a  s im p le  p ro c e d u re  o f  s e t t i n g  up a  
t a l l y  t a b l e . In  a  t a l l y  t a b l e , s c o r e s  a r e  t a l l i e d  i n  th e  
a p p r o p r ia te  c e l l s ,  u s in g  v e r t i c a l  o r  s l a n t e d  t a l l y  s t r o k e s .
To make a  t a l l y  t a b l e ,  s e t  up two c e l l s  m arked 
“ S co re s  (X^)" and  " T a l l y . ” Remember t o  l i s t  a l l  s c o r e s  
from  th e  lo w e s t  to  th e  h i g h e s t ,  even  i f  th e  f re q u e n c y  i s  
z e ro .  O m ission  may le a d  to  an  e r ro n e o u s  im p re s s io n  c o n c e rn in g  
th e  s c o re  d i s t r i b u t i o n ,  p a r t i c u l a r l y  i f  t h e r e  a r e  many s c o re s  
w i th  a  z e ro  f re q u e n c y . S tu d y  o f  th e  t a l l y  t a b l e  u s u a l ly  
r e v e a l s  v a r io u s  c h a r a c t e r i s t i c s  o f  th e  s c o re  d i s t r i b u t i o n .
As i n  s im p le  g ro u p in g , th e  s c o re  r a n g e ,  and  th e  s c o re s  
w ith  th e  h ig h e s t  f r e q u e n c ie s  w i l l  be q u i t e  e v id e n t .  T able 3*4 
i s  a n  exam ple o f  a  t a l l y  t a b l e  u s in g  th e  d a ta  o f  th e  h e ig h ts  
o f  th e  28 m ale c o l l e g e  s tu d e n t s .
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T ab le  3*^ T a l ly  T ab le  f o r  a  S im ple G roupings 
H e ig h ts  o f  l e  C o lle g e  S tu d e n ts .
S co re  (Xi ) T a l ly
6k /
65
66 /
6? / / / /
68 / / / /
69 / / / W & -
70 tW  /
71 / / /  / / /
72 /  /
73
7* / /
F req u en cy  T ab le s
U s u a l ly ,  a  c o l l e c t i o n  o f  raw  d a ta  i s  sum m arized in to  
a " f re q u e n c y  t a b l e  w i th o u t  th e  u se  o f  a  s im p le  g ro u p in g  t a b l e .
The f i r s t  s t e p  i n  c o n s t r u c t in g  a  f re q u e n c y  t a b l e  i s  to  d e te rm in e  
th e  num ber o f  i te m s  i n  th e  c o l l e c t i o n .  We n o te , t h a t  th e r e  a r e  
tw e n ty - e ig h t  s tu d e n t s  whose h e ig h ts  have b een  o b ta in e d .  N ex t, 
d e c id e  on th e  number o f  c l a s s e s  to  u s e .  R e f e r r in g  to  T able 3*3> 
we o b se rv e  t h a t  f o r  28 s c o r e s ,  f i v e  c l a s s e s  a r e  s u g g e s te d . 
R ev iew ing  th e  raw  d a ta  i n  T ab le  3 * k f we n o te  t h a t  th e  lo w e s t 
s c o re  i s  64 and  th e  h ig h e s t  i s  7k . T h is  i n d i c a t e s  a  ra n g e  
o f  10, th e  d i f f e r e n c e  b e tw een  7k and  6 k . T h e re fo re ,  i f  we 
t h in k  i n  te rm s  o f  sum m ariz ing  th e  28 s c o re s  i n to  f i v e  c l a s s e s ,  
we m ust d iv id e  th e  f u l l  r a n g e  o f  th e  s c o r e s ,  1 0 , i n t o  f i v e  
e q u a l  p a r t s  ( i n t e r v a l s ) .  T hus, e a c h  c l a s s  i n t e r v a l  w i l l  be 2 .
We a r e  now r e a d y  to  d e te rm in e  th e  d i s c r e t e  c l a s s e s .
T h is  i s  a c c o m p lish e d  by  s e l e c t i n g  th e  lo w e s t d i s c r e t e  c l a s s  l i m i t .
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In  m aking t h i s  s e l e c t i o n , i t  i s  b e s t  t o  s e l e c t  a  ro u n d  number 
e q u a l  to  o r  lo w er th a n  th e  lo w e s t  s c o re  and  a  m u l t ip le  o f  th e  
l e n g th  o f  th e  c l a s s  i n t e r v a l ;  w h ich  makes 6k a  good s e l e c t i o n ,  
s in c e  i t  m ee ts  b o th  o f  th e  g u id e l i n e s .  Then* by s u c c e s s iv e ly  
a d d in g  th e  l e n g th  o f  th e  c l a s s  i n t e r v a l  to  6 k 9 th e  lo w er 
d i s c r e t e  c l a s s  l i m i t s  a r e  found  ( e .g .  6 k w 6 6 , 6 8 , 7 0 , 7 2 , 
and  7 4 ) . T ab le  3*5 shows how a  f re q u e n c y  t a b l e  i s  c o n s t r u c te d .  
Note t h a t  th e  lo w er c l a s s  l i m i t s  a r e  a s  we have j u s t  d e v e lo p ed  
them . Then, th e  f i r s t  d i s c r e t e  c l a s s  becom es 6 4 -6 5 ; th e  
s e c o n d , 6 6 -6 7 ; e t c .
T ab le  3 .5  F req u en cy  T a b le t  H e ig h t o f  Male 
C o lle g e  S tu d e n ts .
D is c r e te  C la s s  L im its  T a l ly  F req u en cy  ( f ^ )
64 -65  /  1
66- 6 ? 5
6 8 -6 9  / / / /  / / / /  10
70-71  i f f / - / / / /  9
72-73  j / i  1
74-75  / / /  2
I t  w i l l  be o b se rv e d  t h a t  th e r e  a r e  s i x  c l a s s e s ,  even  
th o u g h  f iv e  i s  th e  s u g g e s te d  num ber. T here a r e  s e v e r a l  
r e a s o n s  f o r  t h i s  s f i r s t l y ,  th e  le n g th  o f  th e  c l a s s  i n t e r v a l  
d e c id e d  upon and  th e  s c o re  s e l e c t e d  f o r  th e  lo w e s t d i s c r e t e  
c l a s s  l i m i t  a r e  somewhat a r b i t r a r y ;  s e c o n d ly , a  s u f f i c i e n t  
num ber o f  c l a s s e s  m ust be e s t a b l i s h e d  so  t h a t  th e  h ig h e s t  
d i s c r e t e  c l a s s  c a n  accom odate th e  h ig h e s t  s c o re  in  th e  raw  
d a t a .  C hoice o f  a  c o n v e n ie n t  c l a s s  le n g th  and  s e l e c t i o n  o f  
a  s u i t a b l e  s c o re  f o r  th e  lo w e s t c l a s s  l i m i t  may le a d  to  a  
d i f f e r e n t  num ber o f  c l a s s e s  th a n  th o s e  s u g g e s te d  by  T ab le  3*3*
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i f  th e  h ig h e s t  c l a s s  i s  to  accom odate th e  h ig h e s t  s c o r e .
We a r e  mow r e a d y  to  d e te rm in e  th e  c l a s s  f r e q u e n c i e s . 
T h is  i s  e a s i l y  a c c o m p lish e d  by t a l l y i n g f a s  i s  shown i n  
T ab le  3 .5*  T a l l i e s  a r e  r e c o rd e d  in  a  m anner s i m i l a r  to  t h a t  
e x p la in e d  f o r  s im p le  g ro u p in g . The o n ly  d i f f e r e n c e  i s  t h a t  
th e  t a l l i e s  a r e  r e c o rd e d  f o r  an y  s c o r e » i n  o u r  ex am p le« 
h e i g h t s ,  f a l l i n g  b e tw een  and  in c lu d in g  th e  d i s c r e t e  c l a s s  
l i m i t s .  The t o t a l  o f  th e s e  c l a s s  f r e q u e n c ie s  sh o u ld  e q u a l  
th e  t o t a l  num ber o f  s c o re s  in c lu d e d  i n  th e  raw  d a t a .  T h is 
c a n  th e n  be u se d  to  ch eck  t h a t  a l l  o f  th e  i te m s  w ere t a l l i e d / .  
The two colum ns s **D is c r e te  C la s s  L im i ts ” and  ”F req u en cy ” 
p ro v id e  a l l  th e  b a s ic  d a ta  n eed ed  when c o n s t r u c t in g  a  
f re q u e n c y  t a b l e .
C e r t a in  a d d i t i o n a l  c o n s id e r a t i o n s  n eed  to  be ta k e n  
in t o  a c c o u n t when c o n s t r u c t in g  a  f re q u e n c y  t a b l e .  O v e rlap p in g  
d i s c r e t e  c l a s s  l i m i t s  m ust be a v o id e d  a t  a l l  t im e s .  T h is  
o c c u rs  when th e  u p p e r  l i m i t  o f  one d i s c r e t e  c l a s s  i s  th e  
same a s  th e  lo w er l i m i t  o f  th e  n e x t  h ig h e s t  c l a s s .  In  
a d d i t i o n ,  lo w er d i s c r e t e  c l a s s  l i m i t s  s h o u ld  be c a r e f u l l y  
s e l e c t e d  s in c e  th e y  s ta n d  o u t  more th a n  u p p e r  l i m i t s ,  F i n a l l y ,  
f re q u e n c y  t a b l e s  w i th  c l a s s e s  o f  e q u a l  l e n g th  a r e  p r e f e r a b l e  
d u r in g  c o n s t r u c t io n .
There a r e  t im e s  when u s in g  c l a s s e s  o f  u n e q u a l le n g th  
i s  c o n s id e re d  more c o n v e n ie n t .  T h is  may o c c u r  when th e  low ,
fs
o r  h ig h ,  end o f  th e  s c a le  o f  v a lu e s  f o r  th e  d a ta  s t r e t c h e s  
o u t  w ith  n e g l i g i b l e  f r e q u e n c ie s .  In  t h i s  i n s t a n c e ,  i t  may be 
more c o n v e n ie n t  to  sum m arize th e  s t r i n g  o f  v a lu e s  w ith  v e ry
low f r e q u e n c ie s  i n t o  one o r  two c l a s s e s .  However, c a re  i s
th e  v a r i a t i o n  in  le n g th  o f  c l a s s  i n t e r v a l s .
S om etim es, o p en -en d  c l a s s  i n t e r v a l s  a r e  a p p r o p r i a t e ,  
e s p e c i a l l y  when th e  raw  d a ta  c o n ta in s  a  few u n u s u a l ly  low 
o r  h ig h  v a lu e s .  The f o l lo w in g  f re q u e n c y  t a b l e ,  c a l c u l a t e d  
from  a  c h a r t  i n  Due and F r ie d la n d e r  (1973)# shows an  o p en -en d  
c l a s s  a t  e a ch  end o f  th e  t a b le ?
no way o f  know ing th e  ra n g e  o f  th e  s c o r e s  in c lu d e d .  For 
ex am p le , th e  t a b l e  i n d i c a t e s  t h a t  th e r e  w ere 5 m i l l i o n  f a m i l i e s  
w ith  a n  incom e u n d e r  $ 3 ,0 0 0  i n  1968 , b u t  i t  does n o t  i n d i c a t e  
e i t h e r  th e  f r e q u e n c ie s  f o r  s p e c i f i c  incom es u n d e r  $ 3 ,0 0 0  n o r  
th e  lo w e s t  income fo u n d .
f re q u e n c y  t a b l e  sh o u ld  be u se d  w ith  a  g r e a t  d e a l  o f  th o u g h t .  
There i s  no su ch  th in g  a s  a  s i n g l e ,  b e s t - c o n s t r u c t e d  
f re q u e n c y  t a b l e .  The ways to  w hich  th e  f re q u e n c y  t a b l e  w i l l  
be u se d  m ust be c a r e f u l l y  c o n s id e r e d  i f  th e  b e s t  t a b l e  f o r  
a  p a r t i c u l a r  p u rp o se  i s  to  be o b ta in e d .
r e q u i r e d  when s tu d y in g  su ch  a  t a b l e ,  to  ta k e  i n t o  a c c o u n t
T ab le  3*6 Income L e v e ls  and  th e  Number o f  
F a m il ie s  i n  Each C a te g o ry  (1968)
Income F a m il ie s
Under $ 3 ,0 0 0 5 ,2 0 2 ,5 3 0
6 , 11 1 ,7 1 0
7 ,3 2 3 ,9 5 0
1 1 ,8 1 9 ,3 4 0
1 2 ,5 7 6 ,9 9 0
7 ,475 ,48©
The p rob lem  w ith  o p en -en d  c l a s s e s  i s  t h a t  th e r e  i s
The fo re g o in g  d i s c u s s io n  f o r  c o n s t r u c t io n  o f  a
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G rap h ic  R e p re s e n ta t io n  o f  
F req u en cy  D i s t r i b u t i o n s  
G rap h ic  r e p r e s e n t a t i o n s  o f  a  f re q u e n c y  d i s t r i b u t i o n ,  
a s  e x h ib i t e d  i n  a  f re q u e n c y  t a b l e ,  a s s i s t s  i n  d e f in in g  th e  
sh ap e  o f  d i s t r i b u t i o n s .  T here a r e  f o u r  common ways o f  
r e p r e s e n t in g  f re q u e n c y  d i s t r i b u t i o n s  g r a p h ic a l ly ?  b a r  d ia g ra m s . 
p i e  c h a r t s , h is to g r a m s . and  f re q u e n c y  p o ly g o n s . The one 
u se d  i n  a  p a r t i c u l a r  s i t u a t i o n  depends b o th  on th e  k in d  o f  
d a ta  to  be p r e s e n te d ,  and  on th e  n eed s  f o r  c l a r i t y  o f  
p r e s e n t a t i o n .
In  th e  c a s e  o f  c a t e g o r i c a l  d a t a ,  b a se d  on nom ina l 
s c a le  d a t a ,  b a r  d iag ra m s and  p ie  c h a r t s  a r e  u s u a l l y  u se d .
The more common o f  th e  tw o , b a r  d ia g ra m s , a r e  c o n s t r u c te d  
from  f re q u e n c y  d i s t r i b u t i o n s  i n  th e  f o l lo w in g  way?
1 . F requency  ( f ^ ) ,  p r o p o r t io n s  (p ^ ) ,  and  p e r  c e n t  (%) 
a r e  p la c e d  a lo n g  th e  v e r t i c a l  a x i s  ( o r d in a te  o r  y - a x i s ) .
2 . S c o re i-c la s s e s  a r e  p la c e d  on th e  h o r i z o n t a l  
a x i s  ( a b s c i s s a  o r  x - a x i s ) .
3* B ars a r e  c o n s t r u c te d  to  th e  h e ig h t  o f  th e  c l a s s  
f re q u e n c y , p r o p o r t i o n ,  o r  p e r  c e n t  f o r  e a c h  c l a s s .  
F i r s t l y ,  we o u g h t to  lo o k  a t  a  h y p o th e t i c a l  exam ple 
to  d e te rm in e  how p r o p o r t io n s  (p ^ )  and  p e r  c e n ts  (%) a r e  fo u n d .
I f  th e  t o t a l  num ber o f  s tu d e n t s  e n r o l l e d  i n  a  s o c i a l  w ork 
p rogram  i s  1 ,0 0 0  (N = l,0 0 0 ) ,  an d  th e  f re q u e n c y  d i s t r i b u t i o n  
i s  found  to  be Freshm an=250, Sophomore53^ #©, J u n io r as1 5 °f 
S e n io r= 1 5 0 , and  G ra d u a te -2 5 0 , th e n  t h i s  c a n  be r e p r e s e n te d  
i n  T ab le 3 .7 .
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T ab le  3*7 G la ss  L e v e ls ,  F re q u e n c ie s ,  P r o p o r t io n s , 
and  P e r C en ts  o f  S tu d e n ts  E n ro l le d  i n  
a  S o c ia l  Work P rogram .
C la s s  F req u en cy  ( f ^ )  P ro p o r t io n  (p ^ ) P e r C en t ( ^ )
Freshm an 250 .25  2 5 .0
200  . 2 0  2 0 . 0
J u n io r  150 .1 5  15*0
150 .1 5  1 5 .0
250  . 2-5 2 5 .O
f j = i , ooo=n 3 T » g i » i . e °  ^ 1^ = 1 0 0 .0
Once th e  f r e q u e n c ie s  i n  a  f re q u e n c y  d i s t r i b u t i o n  a r e  
d e te rm in e d , p r o p o r t io n s  and p e r  c e n t s  fo llo w  d i r e c t l y .  The 
f o l lo w in g  fo rm u la s  a r e  u sed  f o r  c o n v e rs io n s
p^ = ^ i/N  and  fo ® 100p^ 55 100 ^ i /N .
The p r o p o r t io n  o f  o b s e rv a t io n s  in  any  c l a s s  v a ry  from  0 ( f .= 0 )  
t o  1 .0 0  ( f j= N ) . In  some t e x t s ,  p r o p o r t io n s  a r e  c a l l e d  r e l a t i v e  
f re q u e n c y . Both te rra s  a r e  in te r c h a n g e a b le . The p e r  c e n t ,  o f  
c o u r s e ,  v a ry  from  0 to  100 . P le a s e  n o te  t h a t  f ^ ,  p ^ ,  and  fo^  
a r e  a l l  d i s c r e t e  v a r i a b l e s ,  s in c e  a l l  o f  them a r e  l im i t e d  to  
a  f i n i t e  s e t  o f  p o in t s  f o r  a  g iv e n  s e t  o f  d a ta .  F requency  
w i l l  a lw ay s be a  vaM el^betw een z e ro  and N in  d i s c r e t e  s te p s  
o f  one (0 <  f^  < N). S im i l a r ly ,  a  p r o p o r t io n  w i l l  a lw ay s  be 
a  v a lu e  b e tw een  z e ro  and  one i n  d i s c r e t e  s te p s  o f  l /N  
(Q_<j?^ < 1 ) .
F ig u re  3*1 i s  a  b a r  d iag ram  w hich  r e p r e s e n t s  th e  d a ta  
o f  T ab le  3*7 . Note t h a t  th e  th r e e  s c a l e s  a r e  g iv e n  i n  
F ig u re  3 .1  to  em phasize  t h a t  any  one o f  th e  th r e e  c o u ld  be 
u se d  to  p r e s e n t  d a ta  i n  a  b a r  d ia g ra m .
50—  . 05—  5
F re s h . Soph, Ju n . Sen. G rad.
F ig u re  3*1 Bar D iagram  o f  C la s s  L e v e ls  o f  
S tu d e n ts  E n ro l le d  i n  a  S o e ia l  
Work P rogram .
The o th e r  way o f  p r e s e n t in g  c a t e g o r i c a l  d a ta  i s  
hy  th e  u se  o f  a  p ie  c h a r t . T h is  i s  i l l u s t r a t e d  i n  F ig u re  3«2 * 
T h is  m ethod i s  e s p e c i a l l y  u s e f u l  i n  e m p h a s iz in g  th e  p r o p o r t io n  
o f  d a ta  f a l l i n g  i n t o  each  c a te g o r y  o f  an  e n t i r e  u n i t .  The 
p i e # o f  c o u r s e ,  a lw a y s  e q u a ls  100 p e r  c e n t .
Grad
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F ig u re  3*2 P ie  D iagram  o f  C la s s  L e v e ls  o f  
S tu d e n ts  E n ro l le d  i n  a  S o c ia l  
Work P rogram .
F req u en cy  d i s t r i b u t i o n s  o f  n u m e r ic a l  d a ta  a r e  u s u a l ly  
r e p r e s e n te d  a s  e i t h e r  a  h is to g ra m  o r  a  f re q u e n c y  p o ly g o n .
A h is to g ra m  i s  m e re ly  a  b a r  d iag ram  w here th e  c l a s s e s  a r e  
o rd e re d  and  a d j a c e n t  on a  common s c a l e t  th e  b a r s  a r e ,  t h e r e f o r e ,  
a l s o  a d j a c e n t ,  and  e x te n d  from  th e  lo w er l i m i t  o f  a  c l a s s  to  
i t s  u p p e r  l i m i t .
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H isto g ram s a r e  c o n s t r u c te d  from  f re q u e n c y  d i s t r i b u t i o n s  
i n  th e  f o l lo w in g  way*
1 . F req u en cy  ( f^ )*  p r o p o r t io n s  (p^)*  and  p e r  c e n ts  
) a r e  p la c e d  a lo n g  th e  v e r t i c a l  a x i s  ( o r d in a te
o r  y - a x i s ).
2 . S co re  c l a s s e s  a r e  p la c e d  on th e  h o r i z o n t a l  a x i s  
( a b s c i s s a  o r  x - a x i s ) .  The s c a le  i s  m arked o f f ,  how ever, 
a t  p o i n t s  c o r re s p o n d in g  to  s c o r e s  h a lfw a y  b etw een  th e  
w hole-num ber p o i n t s .  A h e ig h t  o f  7 1 .0  in c h e s ,  f o r  
ex am p le , f a l l s  i n  th e  c e n te r  o f  th e  lo w er r e a l
l i m i t # 7 0 .5 •  and  th e  u p p e r  r e a l  l i m i t # 7 1 .5 .  T hus, 
th e  s c o re  s c a le  on th e  a b s c i s s a  i s  m arked o f f  to  
i d e n t i f y  th e  c o n tin u o u s  c l a s s  l i m i t s .
3 . The f re q u e n c y  f o r  e a c h  c l a s s  i s  p l o t t e d  a s  a  
h o r i z o n t a l  l i n e  o v e r  th e  f u l l  l e n g th  o f  th e  c l a s s  
i n t e r v a l  a t  th e  p ro p e r  h e ig h t  c o r r e s p o n d in g  to  th e  
f r e q u e n c y ,  p r o p o r t i o n ,  o r  p e r  cen t#
The en d s o f  th e  h o r i z o n t a l  l i n e  a r e  c o n n e c te d  by 
v e r t i c a l  l i n e s  to  th e  c o r re s p o n d in g  c o n tin u o u s  
c l a s s  l i m i t s  m arked o f f  on th e  a b s c i s s a .
The h is to g ra m  h a s  th e  a p p e a ra n c e  o f  a  b a r  d ia g ra m , w ith  th e  
b a r s  o f  e q u a l  w id th  (e q u a l c l a s s  i n t e r v a l s )  c l o s e l y  p o s i t i o n e d .  
There i s  no sp ace  b e tw een  b a r s  b e c au se  c o n t in u o u s  c l a s s  
l i m i t s  a r e  u s e d , th e re b y  e l im in a t in g  g ap s  b e tw een  th e  c l a s s  
i n t e r v a l s #  In  a d d i t i o n ,  c o n s t r u c t io n  o f  a  h is to g ra m  im p l ie s  
th e  a s su m p tio n  t h a t  th e  s c o r e s  in c lu d e d  i n  a  c l a s s  a r e  e v e n ly  
d i s t r i b u t e d  o v e r  th e  c l a s s  i n t e r v a l .
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f .1
F ig u re  3 .3  i s  a  h is to g ra m  w hich  r e p r e s e n t s  th e  d a ta  
o f  T ab le  3«1« I t  i s  th e  a r e a  o f  each  r e c t a n g u la r  b a r  i n  a  
h is to g ra m  w hich  r e p r e s e n t s  th e  c l a s s  f re q u e n c y . Of c o u r s e , 
w i th  e q u a l  c l a s s  i n t e r v a l s ,  a s  i n  o u r i l l u s t r a t i o n ,  th e  h e ig h t  
o f  th e  b a r  a l s o  r e p r e s e n t s  th e  c l a s s  f re q u e n c y . However, i t  i s  
more u s e f u l  to  th in k  i n  te rm s  o f  a r e a  r a t h e r  th a n  h e ig h ts  o f  
th e  b a r s .  The u se  o f  a r e a s  u n d e r  a  c u r v e ,  su ch  a s  a  h is to g ra m , 
t o  r e p r e s e n t  f re q u e n c y  and  e s p e c i a l l y  p r o p o r t io n  ( r e l a t i v e  
f r e q u e n c y ) ,  i s  a  b a s ic  n o t io n  in  s t a t i s t i c a l  i n f e r e n c e ,  a s  w i l l  
become a p p a re n t  i n  l a t e r  c h a p te r s .  H is to g ram s c a n  be u sed  to  
show f re q u e n c y  ( f ^ ) ,  p r o p o r t i o n s  (p ^ )r  and  p e r  c e n t  ( ^ )  o f  d a ta ,
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H e ig h t ( in  in c h e s )
F ig u re  3*3 H isto g ram  o f  28 H e ig h ts .
F req u en cy  •polygons a r e  a l s o  u se d  to  show f re q u e n c y
d i s t r i b u t i o n s  o f  n u m e r ic a l  d a t a .  In  a  f re q u e n c y  p o ly g o n , th e
h o r i z o n t a l  a x i s  ( a b s c i s s a )  c o n ta in s  th e  s c o re  s c a l e ,  w ith
th e  c l a s s  m id p o in ts  s p e c i f i c a l l y  m arked o f f  on i t .  A
fre q u e n c y  s c a le  i s  m arked o f f  on th e  v e r t i c a l  a x i s  ( o r d i n a t e ) .
The f re q u e n c y  f o r  e a c h  c l a s s  i s  p l o t t e d  by  p la c in g  a  d o t
d i r e c t l y  above th e  c l a s s  m id p o in t ,  a t  th e  p ro p e r  h e ig h t
c o r re s p o n d in g  to  th e  f re q u e n c y  (o r  p r o p o r t i o n  o r  p e r  c e n t ) ,
an d  th e  d o ts  a r e  c o n n e c te d  by  s t r a i g h t  l i n e s .  I t  i s  cu s to m ary
t o  c lo s e  th e  f re q u e n c y  p o ly g o n  a t  b o th ? e n d s .
F ig u re  3»^ i s  a  f re q u e n c y  p o ly g o n  w hich  r e p r e s e n t s  
th e  d a ta  o f  T ab le  3*1* P le a s e  n o te  t h a t  p l o t t i n g  th e  t o t a l  
c l a s s  f re q u e n c y  above th e  c l a s s  m id p o in t means t h a t  th e  
c o n s t r u c t io n  o f  th e  f re q u e n c y  p o ly g o n  i s  b a se d  on th e  a s su m p tio n  
t h a t  a l l  s c o re s  in c lu d e d  i n  a  c l a s s  a r e  e q u a l  to  th e  c l a s s  
m id p o in t.  F i n a l l y ,  th e  h e ig h t  o f  th e  d o t  above th e  c l a s s  
m id p o in t r e p r e s e n t s  th e  c l a s s  f re q u e n c y . T h is  i s  in  c o n t r a s t  
t o  th e  h is to g ra m  in  w hich  th e  a r e a  o f  e a c h  r e c t a n g u l a r  b a r  
r e p r e s e n t s  th e  c l a s s  f re q u e n c y  ( p r o p o r t io n  o r  p e r  c e n t ) .
F ig u re  3*^ F req u en cy  P o lygon  o f  28 H e ig h ts .
Forms o f  F req u en cy  D i s t r i b u t i o n s  
The shape o f  a  f re q u e n c y  d i s t r i b u t i o n  may be e x p e c te d  
to  v a ry  f o r  d i f f e r e n t  s e t s  o f  d a ta  sum m arized in to  f re q u e n c y  
t a b l e s .  F ig u re s  3 .5  th ro u g h  3*10 p r e s e n t  h is to g ra m s  f o r  
v a r io u s  d i s t r i b u t i o n  ty p e s .  F ig u re  3*5 p r e s e n t s  a  r e c t a n g u la r  
d i s t r i b u t i o n  i n  w h ich  th e  c l a s s  f r e q u e n c ie s  a r e  a l l  e q u a l .
T h is  i s  a l s o  c a l l e d  a  u n ifo rm  d i s t r i b u t i o n . The h is to g ra m  
p r e s e n t s  b a r s  o f  e q u a l  h e i g h t ,  i n d i c a t i n g  t h a t  th e  c l a s s  
f r e q u e n c ie s  a r e  e q u a l .
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F ig u re  3*5 H isto g ram  o f  a  R e c ta n g u la r  D i s t r i b u t i o n ,  
F ig u re  3*6 p r e s e n t s  a  sy m m e tr ic a l d i s t r i b u t i o n  w ith  
a  c e n t r a l  p e a k . A d i s t r i b u t i o n  i s  sy m m e tr ic a l i f  one h a l f  
o f  i t  can  be fo ld e d  o v e r  so  t h a t  i t  i s  e x a c t l y  su p e rim p o sed  
o v e r  th e  o th e r  h a l f .  In  o th e r  w o rd s , one s id e  i s  a  " m ir ro r  
im age" o f  th e  o th e r .  In  th e  d i s t r i b u t i o n  o f  F ig u re  3 , 6 9 
c l a s s  f r e q u e n c ie s  c o n t in u o u s ly  d e c l in e  a s  one moves away from  
th e  m id d le  c l a s s  i n t e r v a l  i n  e i t h e r  d i r e c t i o n .
F ig u re  3*6 H isto g ram  o f  a  S y m m etrica l D i s t r i b u t i o n  
w i th  a  C e n t r a l  Peak .
S y m m etrica l d i s t r i b u t i o n s  may a l s o  be b e l l - s h a p e d ,  
t r i a n g u l a r ,  o r  an y  o th e r  s h a p e , a s  lo n g  a s  one s id e  i s  a  
m ir r o r  im age o f  th e  o th e r .
F ig u re  3 .7  p r e s e n t s  a  skewed d i s t r i b u t i o n . I t  
w i l l  be o b se rv e d  from  th e  h is to g ra m  t h a t  th e  c l a s s  c o n ta in in g  
th e  h ig h e s t  f re q u e n c y  i s  n o t  e e n t r a l l y  l o c a t e d ,  a s  i n  F ig u re  
3 . 6 , and  t h a t  c l a s s  f r e q u e n c ie s  c o n t in u o u s ly  d e c l in e  i n  e i t h e r  
d i r e c t i o n  from  t h i s  c l a s s .  M oreover, th e  c l a s s e s  s t r e t c h  
o u t  f u r t h e r  i n  th e  downward d i r e c t i o n ,  fo rm in g  w hat may be 
c a l l e d  a  " t a i l "  o f  th e  d i s t r i b u t i o n .  S in ce  t h i s  t a i l  i s  i n
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th e  l e f t - h a n d  p o r t i o n  o f  th e  h is to g ra m , t h i s  i s  c a l l e d  a  
le f t - s k e w e d  d i s t r i b u t i o n  o r  n e g a tiv e -s k e w e d  d i s t r i b u t i o n .
F ig u re  3*7 H isto g ram  o f  a  L eft-S k ew ed  D i s t r i b u t i o n .
F ig u re  3*8 p r e s e n t s  a  r ig h t- s k e w e d  o r  p o s i t iv e - s k e w e d  
d i s t r i b u t i o n .  T h is  d i s t r i b u t i o n  h a s  th e  " t a i l "  i n  th e  u p p e r  
end o f  th e  h is to g ra m , and  i s  a  m i r r o r  im age o f  a  le f t - s k e w e d  
d i s t r i b u t i o n .
F ig u re  3 .8  H isto g ram  o f  a  R igh t-S kew ed  D i s t r i b u t i o n .
F ig u re  3*9 p r e s e n t s  a  U - d i s t r i b u t i o n . T h is  i s  a  
sy m m e tr ic a l d i s t r i b u t i o n ,  w i th  c l a s s  f r e q u e n c ie s  d e c l in in g  
c o n t in u o u s ly  a s  we move to w ard  th e  m id d le  o f  th e  d i s t r i b u t i o n  
from  e i t h e r  en d . The h is to g ra m  h a s  th e  g e n e r a l  shape  o f  
th e  l e t t e r  "U".
F ig u re  3*9 H isto g ram  o f  a  U - D is t r ib u t io n .
F ig u re  3*1© p r e s e n t s  a  J - d i s t r i b u t i o n . so  c a l l e d  
b e c a u se  c l a s s  f r e q u e n c ie s  r i s e  c o n t in u o u s ly  from  th e  lo w e s t
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c l a s s  i n t e r v a l  to  th e  h ig h e s t  i n  su ch  a  way t h a t  th e  h is to g ra m  
re s e m b le s  th e  l e t t e r  **JM.
F ig u re  3*10 H isto g ram  o f  a  J - D i s t r i b u t i o n .
CHAPTER I V .
CENTRAL TENDENCY AND VARIABILITY 
I n t r o d u c t io n
We m e n tio n ed  e a r l i e r  t h a t  th e  two m a jo r  ty p e s  o f  
s t a t i s t i c s  a r e  d e s c r i p t i v e  and  i n f e r e n t i a l .  B efo re  we can  
b e g in  th e  s tu d y  o f  i n f e r e n t i a l  s t a t i s t i c s ,  we m ust l e a r n  
th e  te c h n iq u e s  u se d  to  d e s c r ib e  th e  c h a r a c t e r i s t i c s  o f  th e  
d a ta  from  w hich  we w ish  to  draw in f e r e n c e s .
U s u a lly  t h i s  i s  done i n  t h r e e  ways* th e  form  o f  th e  
d i s t r i b u t i o n  ( d is c u s s e d  i n  C h a p te r  I I I ) ,  th e  c e n t r a l  
te n d e n c y  o f  th e  d i s t r i b u t i o n ,  and  th e  v a r i a b i l i t y  o f  th e  
d i s t r i b u t i o n .  The l a s t  two a r e  t y p i c a l l y  r e p o r t e d  by th e  
u se  o f  n u m e r ic a l  i n d i c e s .  In  t h i s  c h a p te r  we w i l l  d i s c u s s  
th e  m easu res  o f  c e n t r a l  te n d e n c y  and  th e  m e asu re s  o f  
v a r i a b i l i t y  m ost commonly u se d  in  d e s c r i p t i v e  and  i n f e r e n t i a l  
s t a t i s t i c s .
W hile e a c h  m easure  o f  c e n t r a l  te n d e n c y  i s  d e f in e d  
i n  i t s  own w ay, a l l  o f  them  may be c o n s id e re d  d i f f e r e n t  
m ethods o f  f in d in g  t h a t  w h ich  i s  commonly c a l l e d  an  a v e ra g e . 
G e n e ra l ly ,  an  a v e ra g e  i s  a  s in g l e  v a lu e  w h ich , i n  some s e n s e ,  
sum m arizes a  s e t  o f  d a t a .
B eing  more s p e c i f i c ,  we ca n  d e f in e  m easu re s  o f  
c e n t r a l  te n d e n c y  a s  an  a t te m p t  to  i d e n t i f y  th e  m ost c h a r a c t e r i s t i c  
s c o re  i n  a  g ro u p  o f  s c o r e s .
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Each o f  th e  a v e ra g e s  we w i l l  s tu d y  p ro v id e s  a 
m easure  o f  th e  c e n t r a l  te n d e n c y  o f  a  s e t  o f  n u m e r ic a l  d a t a .
I t  sh o u ld  he n o te d  t h a t ,  a l th o u g h  a l l  a v e ra g e s  may r e p r e s e n t  
" t y p i c a l  v a l u e s ” o f  a  s e t  o f  d a t a ,  t h i s  i s  n o t  a lw ay s th e  
c a s e .  For ex am p le , c o n s id e r  th e  fo l lo w in g  f o u r  s c o re s s  
1 0 , 1 5 , 9 5 , 9 9 . I t  i s  p o s s i b l e ,  o f  c o u r s e ,  t o  f i n d  a  
c e n t r a l  v a lu e  f o r  th e s e  fo u r  s c o re s  somewhere b e tw een  15
and  95* However, i t  i s  c l e a r l y  im p o s s ib le  t o  f in d  an y  s in g l e
v a lu e  w hich  i s  t y p i c a l  o f  a l l  f o u r  s c o r e s .
T here a r e  th r e e  common m easu res  o f  c e n t r a l
te n d e n c y i th e  m ode, th e  m ed ian , and  th e  m ean. A lth o u g h
ea c h  o f  th e s e  m easu re s  o f  c e n t r a l  te n d e n c y  i s  a n  a v e ra g e ,  
e ach  i s  d e f in e d  i n  a  d i f f e r e n t  w ay, and  each  i s  u se d  u n d e r  
d i f f e r e n t  c i r c u m s ta n c e s .
The Mode
The mode i s  th e  e a s i e s t  o f  th e  th r e e  m easu res  to  
o b ta in  and  i t  i s  a l s o  m ost s u b j e c t  to  f l u c t u a t i o n  when th e  
v a lu e s  o f  a  few s c o re s  a r e  ch an g ed . For t h i s  r e a s o n ,  th e  mode 
i s  t y p i c a l l y  u se d  o n ly  f o r  a  q u ic k  e s t im a te  o f  th e  c e n t r a l  
te n d e n c y  o f  a  d i s t r i b u t i o n .  The mode i s  d e f in e d  a s  th e  
m ost f r e q u e n t  s c o re  i n  th e  d i s t r i b u t i o n ,  th e  s c o re  w hich  
a p p e a rs  m ost o f t e n .  In  T ab le 4 . 1 ,  e a c h  mode i s  th e  s c o re  
w h ich  a p p e a r s  more o f t e n  th a n  a n y  o th e r  s c o re  in  th e  d i s t r i b u t i o n .  
T hus, i n  Sample A, th e  mode i s  8 , w h ile  th e  mode i n  Sample 
B i s  6 .
T ab le  4 ,1  Modes i n  F req u en cy  D i s t r i b u t i o n s .  
Sample A. Sample B, 
S core  (X^) F req u en cy  ( f^  ) S co re  (X^) Freque
9 6 9 6
8 (Mode) 7 8 5
7 3 7 3
6 6 6 (Mode) 11
5 6 5 5
4 6 4 5
3 5 3 4
2 4 2 3
1 6 1 7
0 1 0 1
pjsa*50 Nss5 0
Som etim es a  s e t  o f  d a ta  d o es n o t  have a  mode. For 
ex a m p le , c o n s id e r  th e  fo l lo w in g  s e t  o f  e i g h t  g ra d e s  on a  
S o c ia l  W elfa re  P o l ic y  exam : 7 3 1 8 6 , 9 2 ,  8 4 , 8 6 , 92 ,  7 3 , 84,
I t  w i l l  he o b se rv e d  t h a t  e a ch  g rad e  a p p e a rs  tw ic e .  H ence, 
th e r e  i s  no mode s in c e  no g ra d e  a p p e a rs  more o f t e n  th a n  any  
o r  a l l  th e  o th e r  g r a d e s .  In  su ch  a  c a s e ,  th e  mode i s  n o t  z e r o : 
i t  j u s t  d o es n o t  e x i s t .  A lso  a  s e t  o f  s c o r e s  may have more 
th a n  one mode. To he a  m ode, a  s c o re  n eed  n o t  have a  
f re q u e n c y  w h ich  i s  th e  maximum when a l l  s e o r e s  a lo n g  th e  
s c a l e  a r e  c o n s id e r e d .  A c tu a l ly ,  a  m odal s c o re  i s  one w hich  
h a s  a  maximum f re q u e n c y  a lo n g  some p o r t i o n  o f  th e  s c o re  
s c a l e .  A d i s t r i b u t i o n  w h ich  c o n ta in s  two o r  more modes i s  
c a l l e d  a  m u ltim o d a l d i s t r i b u t i o n .
The M edian
The m edian  i s  d e f in e d  a s  t h a t  p o in t  on a  s c a le  below  
w hich  5 °  p e r  c e n t  o f  th e  c a s e s  f a l l .  The m edian  i s  n o t  a  
s c o r e ,  b u t  a  p o i n t  on a  s c a le  d iv id in g  th e  u p p e r  and  lo w er 
h a l f  o f  th e  s c o r e s .  T h a t i s ,  th e  m edian  i s  a  m easu re  o f
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In  a  s e t  o f  s c o r e s ,  th e  m ed ian  i s  th e  s c o re  v a lu e  
c e n t r a l l y  lo c a te d  s o 'l t h a t  th e  num ber o f  s c o r e s  i n  th e  s e t  w ith  
a  h ig h e r  v a lu e  i s  e q u a l to  th e  num ber w ith  a  lo w er v a lu e .
We s h a l l  u se  th e  sym bol M to  r e p r e s e n t  th e  m ed ian , w h e th e r  
i t  be d e te rm in e d  from  a  s e t  o f  sam ple d a ta  o r  from  th e  
f u l l  p o p u la t io n .
T here i s  a  v e ry  s im p le  p ro c e d u re  to  f in d  th e  m edian 
o f  a  sam p le . When th e r e  i s  a n  ev en  n ,  th e  p ro c e d u re  i s  
a s  fo l lo w s  t
1 . A rran g e  th e  s c o re s  i n  th e  o r d e r  o f  t h e i r  s i z e .
2 . P la c e  th e  m edian  b e tw een  th e  ( n / 2 ) s c o re  and  
th e  I (n /2  ) + 1 ^ }  ^  s c o r e .
3 . I f  t h e r e  i s  a  gap b e tw een  th e s e  two s c o r e s ,
ta k e  t h e i r  a v e ra g e ,  so  t h a t  th e  m edian  w i l l  be 
p la c e d  i n  th e  m id d le  o f  th e  r e g io n .
For ex am p le , c o n s id e r  th e  s e t  o f  d a ta  4 ,  6 , 7 t 9 t 9 . 
S in ce  th e r e  a r e  6 s c o r e s ,  n /2 = 3  and (n /2 )+ l= 4 . The t h i r d  
s c o re  i n  o rd e r  i s  7 and  th e  f o u r th  i s  8 , so  th e  m edian  i s  7 .5*
Here th e r e  was no gap b e tw een  th e  two n u m b ers , so  S tep  3 was
n o t  n e e d e d . But ta k e  th e  s e t  o f  d a ta  6 , 7» 9» 9 t 10*
Here n  i s  a g a in  6 , so  th e  t h i r d  and  f o u r th  s c o r e s  a r e  a g a in  
n e e d e d . In  t h i s  c a s e i  h o w ev er, 7 and  9 a r e  n o t  t o g e t h e r ,  
th e r e  i s  a  gap o f  2 b e tw een  them . A dding th e  two s c o re s  and  
d iv id in g  by  two g iv e s  a  v a lu e  o f  8 f o r  th e  m ed ian .
When a  s e t  o f  d a ta  h a s  a n  odd number ( n ) ,  th e  f o l lo w in g  
p ro c e d u re  i s  fo llo w ed *
1 . A rran g e  th e  s c o r e s  i n  o rd e r  o f  s i z e .
2 . P la c e  th e  m edian  a t  th e  s c o re  t h a t  i s  th e  
I (n + 1 ) /2  | s c o re  from  th e  b o tto m  o f  th e
d i s t r i b u t i o n
In  th e  c a s e  o f  th e  f o l lo w in g  s e t  o f  d a ta  ? - 8 ,  -6# 0
I t  5 f th e  m edian  o f  th e  f i v e  num bers i s  th e  d ( n  + ^ ) / 2H ] ^  
sc o re #  o r  th e  t h i r d  s c o r e .  Thus# M = 0.
The A r i th m e t ic  Mean
The a r i t h m e t i c  m ean, u s u a l l y  r e f e r r e d  to  m e re ly  a s
th e  mean by s t a t i s t i c i a n s #  o f  a  s e t  o f  v a lu e s  i s  e q u a l  to  
th e  sum o f  th e  v a lu e s  d iv id e d  by  th e  number o f  v a lu e s  in c lu d e d  
i n  th e  sum m ation . We w i l l  u se  th e  sym bol X ( re a d  "X b a r " ) 
t o  r e p r e s e n t  th e  mean o f  a  s e t  o f  sam ple d a t a , an d  th e  sym bol 
$ th e  G reek l e t t e r  Mu) to  d e n o te  th e  mean o f  a  s e t  o f  
p o p u la t io n  d a t a .
num ber o f  i te m s  in  th e  p o p u la t io n .  For sam ple d a t a ,  we w i l l  
u se  n  to  d e n o te  th e  number o f  i te m s  i n  th e  sa m p le . T hat i s ,  
we w i l l  sp e ak  o f  a  p o p u la t io n  o f  s i z e  N, and  a  sam ple o f  s i z e  n .
The c o m p u ta tio n  o f  th e  a r i t h m e t i c  mean o f  a  s e t  o f  s c o re s  (X ^) ,
Ni n  sy m b o llic  n o t a t i o n  i s :
For p o p u la t io n  d a t a ,  we w i l l  u se  N to  d e n o te  th e
x1 + x2 + x3 + •  •  • + XN i= lP o p u la t io n  *>t = N N
n
Xi + X0 + X~ + . . ,  + Xl  ___2____12___________E i® !Sam plei X= n o r  X= n
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T able 4 ,2  r e p r e s e n t s  a  sam ple o f  s c o r e s  o b ta in e d  
on a  h y p o th e t i c a l  a p t i t u d e  t e s t .  F o llo w in g  t h a t  i s  an  
exam ple o f  co m p u tin g  th e  a r i t h m e t i c  mean f o r  t h i s  sam p le .
T able 4 .2  S c o re s  on an  A p ti tu d e  T e s t .
S c o re s  (X^)
115
124
130
118
1 2?
106
124
121
Xt -965
ii=8 X = 1 2 0 .6 3
In  t h i s  s e t  o f  sam ple d a t a ,  th e  sum o f  th e  v a lu e s  i s  e q u a l 
t o  965 . S in ce  th e r e  a r e  8 s e o re s  i n  th e  sa m p le , th e  mean i s  
c a l c u l a t e d  by d iv id in g  965 by 8. T hus, X * 1 2 0 ,6 3 ,
A lth o u g h  c e n t r a l  t e n d e n c ie s  a r e  u se d  in  d e s c r i p t i v e  
s t a t i s t i c s ,  a n  im p o r ta n t  p o in t  to  rem em ber i s  t h a t  i t  h a s  b een  
p ro v e n  by m a th e m a tic a l s t a t i s t i c i a n s  t h a t  th e  mean (X) 
com puted on th e  b a s i s  o f  sam ple d a ta  ca n  be i n t e r p r e t e d  a s  
a n  e s t im a te  o f  th e  mean ( J^) i n  th e  p o p u la t io n  from  w hich  th e  
sam ple was s e l e c t e d .  T h is  i s  v e ry  im p o r ta n t  when i n f e r e n t i a l  
s t a t i s t i c s  i s  b e in g  u n d e r ta k e n .
The A r i th m e t ic  Meant 
F req u en cy  D i s t r i b u t i o n s  
S i t u a t i o n s  o f t e n  a r i s e  when in  w h ich  i t  i s  n e c e s s a r y  
to  com pute th e  a r i t h m e t i c  mean f o r  d a ta  o rg a n is e d  in to  
f re q u e n c y  d i s t r i b u t i o n s .  T h is  may o c c u r  when th e  raw  d a ta
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i s  n o t  a v a i l a b l e ,  o r  when i t  i s  in c o n v e n ie n t  to  work d i r e c t l y  
w ith  a  l a r g e  volum e o f  u n o rg a n iz e d  d a t a .  C om pu ta tion  o f  th e  
mean o f  a  f re q u e n c y  d i s t r i b u t i o n  can  be done by  u s in g  th e  
f o l lo w in g  e q u a tio n *
c c
X xifi 2Ixifi
A\ = i=*l -  i g l _____
c _
One a s su m p tio n  w hich  m ust be made i s  t h a t  th e  s c o re s  
in  a  c l a s s  i n t e r v a l  a r e  e q u a l  to  th e  c l a s s  m id p o in t (X ^). By 
m aking t h i s  a s su m p tio n  an d  by u s in g  th e  above e q u a t io n ,  w here 
c i s  r e p r e s e n t a t i v e  o f  th e  number o f  c l a s s e s  p r e s e n t ,  th e
mean f o r  th e  d a ta  i n  T ab le  4 .3  i s / i= 5 9 .1 7 -
T ab le  4 .3  F req u en cy  T ab le o f  S c o re s  on a  P e r s o n a l i ty
In v e n to ry  A d m in is te re d  to  60 S u b je c ts .
i M id p o in t
<v>
f i Xi f i
34.5 33 103.5
44.5 11 489.5
54.5 18 981.0
64 .5 15 967.5
74.5 9 670.5
84.5 4 338.0
V a r i a b i l i t y
30 -3 9  _ _
4 0 -4 9  4 4 .5  1 4 8 9 .5  3 6 6 0 .0
50 -5 9  5 4 .5  IB 9 8 1 .0  60
60-69  _  . .
70 -79  7 4 .5    ^ = 5 9 . 1 7
80-89
T y p ic a l ly ,  m easu rem en ts o f  an y  k in d  e x h i b i t  v a r i a t i o n .  
R e a c tio n  tim e  to  a  s t im u lu s  v a r i e s  from  s u b je c t  to  s u b j e c t ,  
s c o r e s  on a  p sy c h o m e tr ic  t e s t  v a ry  from  s u b je c t  to  s u b j e c t ,  
and  th e  t e s t  g ra d e s  f o r  a  c l a s s  v a ry  from  p u p i l  to  p u p i l .
The e x t e n t  o f  v a r i a t i o n  among th e  s c o re s  in  a  s e t  
i s  o f  p r im a ry  im p o rta n c e  i n  an y  a p p l i c a t i o n  o f  s t a t i s t i c a l
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m eth o d s . For ex am p le , c o n s id e r  th e  two s e t s  o f  s c o r e s  *
15 0 , 1 5 1 , 1 5 3 , 154 (S e t A) and  ? 0 , 10 1 , 2 0 4 , 233 (S e t  B ).
In  b o th  s e t s ,  th e  mean i s  152. However, S e t  A c o n ta in s  
c o n s id e r a b ly  l e s s  v a r i a t i o n  among th e  s c o re s  th a n  S e t  B. 
C o n s e q u e n tly , know ledge o f  th e  mean f o r  S e t  A co n v ey s more 
in f o rm a t io n  c o n c e rn in g  th e  i n d i v i d u a l  s c o re s  i n  th e  s e t  th a n  
i s  th e  c a s e  f o r  S e t B.
One o f  th e  s im p le s t  m easu res  o f  v a r i a t i o n  i s  th e  r a n g e .  
The ra n g e  i s  th e  d i s t a n c e  b e tw een  th e  h ig h e s t  and  th e  
lo w e s t  v a lu e  i n  a  s e t .  In  th e  above ex am p le , th e  h ig h e s t  
s c o re  i n  S e t  A i s  1 5 4 , an d  th e  lo w e s t  i s  150 . T hus, th e  
ra n g e  i s  4 ,  th e  d i f f e r e n c e  b e tw een  th e s e  two ex trem e s c o r e s .
The s c o re  i n t e r v a l . 1 5 0 -1 5 4 , a s  w e l l  a s  th e  d i s t a n c e . 4 ,  
i s  r e f e r r e d  to  a s  th e  r a n g e .  I n  S e t B, th e  r a n g e ,  th e n ,  i s  
70-233  ©r 1 6 3 . T ha t i s ,  e i t h e r  th e  d i s t a n c e  o r  th e  i n t e r v a l  
i s  th e  r a n g e .
F u n d a m e n ta lly , m e asu re s  o f  v a r i a t i o n  a r e  o f  a  d i f f e r e n t  
n a tu r e  th a n  m easu res  o f  c e n t r a l  te n d e n c y . T hat i s ,  a n  
a v e ra g e  r e p r e s e n t s  a  p o i n t  on th e  s c o re  s c a l e ,  w h ereas  a  
m easu re  o f  v a r i a t i o n  r e p r e s e n t s  a  d i s t a n c e  a lo n g  th e  s c o re  
s c a l e .  In  e s s e n c e ,  th e  m ost im p o r ta n t  m e asu res  o f  v a r i a t i o n  
u se d  i n  s t a t i s t i c s  r e p r e s e n t ,  i n  some s e n s e ,  th e  a v e ra g e  
d i s t a n c e  o f  th e  s c o re s  i n  a  s e t  from  a  p o in t  o f  r e f e r e n c e ,  
u s u a l l y  th e  p o i n t  o f  c e n t r a l  te n d e n c y .
The s ta n d a r d  d e v i a t i o n  i s  th e  m ost im p o r ta n t  and  m ost 
o f t e n  u se d  m easure  o f  v a r i a t i o n  i n  s t a t i s t i c s .  T h is  m easu re
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o f  v a r i a t i o n  i s  b a se d  on th e  a r i t h m e t i c  mean a s  th e  p o i n t  
o f  r e f e r e n c e .  T h e r e f o re , th e  s ta n d a r d  d e v ia t i o n  i s  th e  
a p p r o p r i a t e  m easu re  o f  v a r i a t i o n  to  u se  when th e  mean i s  
u se d  a s  th e  a v e ra g e .
L e t u s  c o n s id e r  th e  s e t  o f  f o u r  s c o re s  5 2 k 9 2 8 , 3 1 , 3 7 . 
U sing  th e  m ean, 3 0 , a s  th e  p o in t  o f  r e f e r e n c e ,  we d e te rm in e  
th e  d e v ia t i o n  o f  e a ch  s c o re  from  th e  mean a s  1 2^ - 30= - 6 ,
2 8 -3 0 = -2 , 31*30=1, and  37 -30= 7 . We may a t te m p t  to  c o n s t r u c t
a  m easu re  o f  v a r i a t i o n  by com pu ting  th e  mean o f  th e s e
d e v ia t i o n s  from  th e  m ean. T hat i s ,  add  th e  f o u r  d e v ia t i o n s  
and  d iv id e  by However, we n o te  t h a t  th e  d e v ia t i o n s  add  
to  z e r o .
T hus, a  s l i g h t  m o d i f ic a t io n  i s  n eed ed  to  f in d  th e  
s ta n d a r d  d e v i a t i o n  o f  a  p o p u la t io n  o r  a  sam ple from  th e  
d e v ia t i o n s  o f  a  s e t  o f  s c o r e s  from  t h e i r  mean. F i r s t l y ,  
we w i l l  u se  th e  f i g u r e  Xd to  r e p r e s e n t  th e  d e v ia t i o n
o f  a  s c o re  (X^) from  th e  mean (/() f o r  th e  s e t .  We w i l l  
a l s o  u se  Xd to  r e p r e s e n t  th e  d e v i a t i o n  from  th e  mean f o r  
sam ple d a ta  a s  w e l l  a s  p o p u la t io n  d a t a .  In  o th e r  w o rd s , 
X ^ X .-X . Then we w i l l  m o d ify  t h i s  s t e p  by s q u a r in g  th e  
d e v ia t i o n s  from  th e  mean and  th e n  o b ta in in g  th e  mean o f  
th e  sq u a re d  d e v i a t i o n s . U sing  t h i s  a p p ro a c h , we o b ta in  th e  
f o l lo w in g  e q u a t io n s  f o r  th e  m e asu re s  o f  v a r i a t i o n 1
n 9 n 0
^ o v * ) 2 » 2 ? /
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The r e s u l t  cr (<T i s  th e  lo w er c a s e  G reek l e t t e r  
S igm a) i s  th e  mean o f  th e  sq u a re d  d e v i a t i o n  from  th e  
mean. I t  i s  c a l l e d  th e  v a r i a n c e . The v a r ia n c e  i s  a n
2im p o r ta n t  m easu re  ©f v a r i a t i o n  i n  s t a t i s t i c s .  H ow ever, c r  
m easu res  th e  v a r i a t i o n  o f  a  s e t  o f  te rm s  o f  th e  s q u a re s  
o f  th e  d e v ia t i o n s  from  th e  mean. I t  i s  g e n e r a l  p r a c t i c e  to  
com pu te , <5", th e  sq u a re  r o o t  o f  th e  v a r ia n c e .  T h is m easure  
o f  v a r i a t i o n ,  <x, i s  c a l l e d  th e  s ta n d a r d  d e v i a t i o n  o f  th e  
p o p u la t io n .
The s ta n d a r d  d e v i a t i o n  i s  a  "m easure  o f  how, on th e  
a v e r a g e ,  th e  s c o r e s  i n  a  s e t  d e v ia te  from  th e  m ean ," (A rm ore, 
1966 , p . 1 ^ 0 ) . In  o th e r  w o rd s , i t  i s  a  m easure  o f  how f a r ,  
on th e  a v e r a g e ,  th e  s c o re s  a r e  d i s p e r s e d ,  o r  s c a t t e r e d ,  a b o u t 
th e  m ean. A l a r g e r  v a lu e  o f  6“ means t h a t  th e  s c o re s  i n  a  
p o p u la t io n  a r e  more s c a t t e r e d  a b o u t th e  m ean, on th e  a v e ra g e ,  
th a n  w ould be i n d i c a t e d  by a  s m a l le r  v a lu e  o f  & • f a c t ,  
th e  more c l o s e l y  th e  s c o r e s  i n  a  p o p u la t io n  a r e  c o n c e n tr a te d  
a b o u t  th e  m ean, th e  s m a l le r  i s  th e  v a lu e  o f  (T* As a n  e x tre m e , 
i f  <T=0 , i t  means t h a t  a l l  o f  th e  s c o re s  a r e  a t  th e  m eant t h a t  
i s ,  t h e r e  i s  no v a r i a t i o n  a t  a l l  among th e  s c o r e s .
I t  s h o u ld  be n o te d  t h a t  i t  i s  th e  d i s t a n c e  o f  e a ch  
s c o re  from  th e  m ean, n o t  th e  d i r e c t i o n ,  w h ich  i s  c o n s id e re d  
in  th e  c o m p u ta tio n  o f  th e  s ta n d a r d  d e v i a t i o n ,  6“,
In  o u r  d i s c u s s io n  o f  th e  a r i t h m e t i c  m ean, a  d i s t i n c t i o n  
was made b e tw een  th e  mean com puted from  th e  p o p u la t io n ,  and 
th e  mean com puted from  sam ple d a t a .  A long s i m i l a r  l i n e s ,
a  d i s t i n c t i o n  i s  made b e tw een  th e  s ta n d a r d  d e v i a t i o n
com puted from  th e  p o p u la t io n  and  one com puted from  sam ple
2d a t a .  We w i l l  u se  th e  f i g u r e ,  s  , to  d e n o te  th e  v a r ia n c e  
com puted from  th e  sam ple d a t a ,  and  s  to  d e n o te  th e  s ta n d a r d  
d e v i a t i o n  com puted from  sam ple d a t a .  The v a r ia n c e  and  
s ta n d a r d  d e v ia t i o n  o f  sam ple d a ta  b a sed  on th e  sam ple m ean,
X, i s  t
n  0 n 0
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n n
s = \ /  s^  .
T h is  s ta n d a r d  d e v i a t i o n ,  s ,  c a n  be i n t e r p r e t e d  a s  an  e s t im a te  
o f  th e  s ta n d a r d  d e v i a t i o n ,  (T, i n  th e  p o p u la t io n  from  w hich  
th e  sam ple was s e l e c t e d .
S ta n d a rd  D e v ia t io n s »
F req u en cy  D i s t r i b u t i o n s  
C om pu ta tion  o f  th e  s ta n d a r d  d e v i a t i o n  f o r  d a ta  
sum m arized in to  a  f re q u e n c y  t a b l e  s t a r t s  o f f  w i th  an  a s su m p tio n . 
The a s su m p tio n  u s u a l ly  made i s  t h a t  th e  s c o re s  i n  a  c l a s s  & 
i n t e r v a l  a r e  e q u a l  to  th e  c l a s s  m id p o in t .  T ab le  4 .4  p r e s e n t s  
a  f re q u e n c y  t a b l e  f o r  a  p o p u la t io n  o f  50 s c o r e s  on a  
m a tc h in g  t e s t .  C l e a r ly ,  i f  we know a l l  50 i n d iv i d u a l  
s c o r e s ,  we c o u ld  com pute th e  s ta n d a r d  d e v i a t i o n .  T h is  i s  
n o t  p o s s i b l e ,  h ow ever, so  th e  c l a s s  m id p o in t m ust be u s e d .
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T ab le  4 .4  F req u en cy  T ab le f o r  a  P o p u la t io n
o f  50 S c o re s  on a  M atch ing  T e s t .
D is c r e te  C la s s  
L im its
M id p o in t f .  X . f .  X.2 f .v 1 1 1 1 1
140-149
150-159
160-169
120-129
130-139
110-119
1 5 4 .5  4 6 1 8 .0  95»/*81.00 < T = 1 4 . 8
1 1 4 .5  10 1 1 4 5 .0  1 3 1 ,1 0 2 .5 0
1 2 4 .5  11 1 3 6 9 .5  1 7 0 ,5 0 2 .7 5
1 3 4 .5  13 1 7 4 8 .5  2 3 5 , 173 .2 5
1 4 4 .5  9 1 3 0 0 .5  1 8 7 , 922 .25
170-179
1 6 4 .5  2 3 2 9 .0  5^ , 1 2 0 .5 0
1 7 4 .5  1 1 7 4 .5  3 0 , 4 5 0 .2 5
T o t a l : 50 6 6 8 5 .0  9 0 4 ,7 5 2 .5 0
To com pute <T and s ,  w i th  X^ r e p r e s e n t in g  th e  c l a s s  
m id p o in t ,  f ^  r e p r e s e n t in g  th e  c l a s s  f r e q u e n c y , and  c e q u a l 
to  th e  num ber o f  c l a s s e s ,  th e  f o l lo w in g  e q u a t io n s  a r e  u s e d t  
P o p u la t io n :
Thus, u s in g  th e  above fo rm u la , th e  s ta n d a r d  d e v i a t i o n  f o r  
th e  f re q u e n c y  t a b l e  i n  T ab le  4 .4  i s  1 4 .8 .
e x h a u s t iv e .  T here a r e  o th e r  m e a su re s  o f  c e n t r a l  te n d e n c y  
( e . g .  harm onic  m ean, g e o m e tr ic  m ean) and  o th e r  m easu res  o f  
v a r i a t i o n  ( e . g .  q u a r t i l e  and  d e c i l e  v a r i a t i o n ) .  N e v e r th e le s s ,  
f o r  th e  p u rp o s e s  o f  t h i s  t e x t ,  and  m ost in t r o d u c to r y  s t a t i s t i c s  
te x tb o o k s ,  th e  f o re g o in g  d i s c u s s io n  i s  a d e q u a te .
S am p le :
s
Summary
The fo re g o in g  d e f i n i t i o n s  an d  te rm s  a r e  by no means
CHAPTER V.
TESTING HYPOTHESES
S ta n d a rd  S c o re s
A s c o re  s ta n d in g  by i t s e l f  i s ,  u s u a l l y ,  n o t  
m e a n in g fu l. I t  m ust be e v a lu a te d  w ith  r e f e r e n c e  to  th e  
a v e ra g e  l e v e l  o f  s c o r e s ,  a s  w e l l  a s  to  th e  v a r i a t i o n  among 
th e  s c o r e s .  T hus, th e  c o n c e p ts  o f  c e n t r a l  te n d e n c y , a v e r a g e s ,  
and  v a r i a t i o n  become im p o r ta n t  i n  m aking a  s c o re  m e a n in g fu l.
A w id e ly  u se d  m ethod f o r  e v a lu a t in g  a  s c o re  i s  to  
t r a n s fo rm  i t  to  s ta n d a r d  u n i t s . The o r i g i n a l  s c o re  i s  c a l l e d  
a  raw  s c o r e , and  th e  t r a n s fo rm e d  s c o re  i s  c a l l e d  a  s ta n d a r d  
s c o r e .
To t r a n s f o r m  a  s e t  o f  s c o re s  i n t o  s ta n d a r d  s c o r e s  (o r  
s ta n d a r d  u n i t s ) ,  we m ust f i r s t  d e te rm in e  v a lu e s  f o r  th e  mean 
and  s ta n d a r d  d e v i a t i o n  o f  th e  s e t  o f  d a t a .  G e n e ra l ly ,  th e  
p re d e te rm in e d  v a lu e s  a r e  z e ro  f o r  th e  m ean, and  one f o r  th e  
s ta n d a r d  d e v i a t i o n .  T h is  i s  a c c o m p lish e d  by  th e  fo l lo w in g  
e q u a t io n s ?  x
P o p u la tio n ?  z^ * 7
x i  - f
Sample ? z^ « s  •
S ta n d a rd  s c o r e s ,  z ^ ,  com puted by th e s e  fo rm u la s  have b een  
shown (A rm ore, 1 9 6 6 , p p . 1 7 9 -1 8 1 ) to  have a  mean o f  z e ro
an d  a  s ta n d a r d  d e v i a t i o n  o f  on e .
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F or ex am p le , i n  a  sam ple o f  X=20 and  s* 5 t th en *
X. -  20 
z i  “  5 *
The raw  s c o re s  from  th e  sam ple ca n  be tr a n s fo rm e d  to  s ta n d a r d  
s c o r e s ,  z ^ ,  by  s u b s t i t u t i n g  i n t o  t h i s  e q u a t io n .  F or ex am p le , 
su p p o se  10 and  ^0 a r e  two s c o r e s  from  t h i s  sam p le . Then:
*10 -  “ - f -21 “ -z
P le a s e  n o te  t h a t  z^ s c o re s  may be n e g a t iv e  a s  w e l l  
a s  p o s i t i v e .  Haw s c o re s  below  th e  mean r e s u l t  i n  z^ s c o re s  
w h ich  a r e  n e g a t iv e .  Raw s c o r e s  above th e  mean r e s u l t  i n  
z^ s c o r e s  w h ich  a r e  p o s i t i v e .  A raw  s c o re  e q u a l  t o  th e  mean
r e s u l t s  i n  a  z^ s c o re  e q u a l  to  z e ro .
S ta n d a rd  s c o r e s ,  z ^ ,  a r e  i n  s ta n d a rd  d e v ia t i o n  u n i t s .  
For ex am p le , th e  raw  s c o re  o f  10 in  th e  f o re g o in g  exam ple 
i s  10 p o i n t s  below  th e  mean o f  2 0 . A lso , 10 p o in t s  am ounts
to  two s ta n d a r d  d e v i a t i o n s ,  w i th  s= 5 » away from  th e  m ean.
T h e re fo re ,  th e  c o r r e s p o n d in g  z^ s c o re  o f  -2  i n d i c a t e s  t h a t  
th e  raw  s c o re  o f  10 i s  two s ta n d a r d  d e v ia t i o n s  below  th e  mean
T h is  i n d i c a t e s  a n  im p o r ta n t  a d v a n ta g e  o f  s ta n d a r d  
s c o r e s  o v e r  raw  s c o r e s .  F o r ex am p le , a  raw  s c o re  o f  5® i s  
n o t  m e a n in g fu l i n  and  ©f i t s e l f ,  b u t  a  s ta n d a r d  s c o re  o f  3 
i s  m e a n in g fu l ,  i n d i e a t i n g  a  s c o re  w h ich  i s  th r e e  s ta n d a r d  
d e v i a t i o n s  above th e  mean. As m en tio n ed  p r e v io u s l y ,  a  
n e g a t iv e  s ta n d a r d  s c o re  i n d i c a t e s  a  s c o re  below  th e  m ean, 
w h e re a s , a  p o s i t i v e  s ta n d a r d  s c o re  i n d i c a t e s  a  s c o re  above 
th e  m ean, a s  th e  above exam ple i l l u s t r a t e s .
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The Normal D i s t r i b u t i o n  
Remem bering ©ur d i s c u s s io n  ©f d i s t r i b u t i o n s  in  
C h a p te r  I I I ,  one o f  th e  m ost u s e f u l  sy m m e tr ic a l d i s t r i b u t i o n s  
i n  a l l  o f  s t a t i s t i c s  i s  a  t h e o r e t i c a l  d i s t r i b u t i o n  known a s  
th e  n o rm al d i s t r i b u t i o n . The n o rm al d i s t r i b u t i o n ,  o r  no rm al 
c u r v e . r e p r e s e n t s  a  c o n t in u o u s  d i s t r i b u t i o n  o f  a n  i n f i n i t e  
p o p u la t io n .  T h a t i s ,  th e  v a r i a b l e s  o f  th e  d i s t r i b u t i o n  r e p r e s e n t  
c o n t in u o u s  v a r i a b l e s .  The v a r i a b l e ,  X, i s  a  c o n t in u o u s  
v a r i a b l e .  As d e f in e d  i n  C h a p te r  I I ,  a  c o n t in u o u s  v a r i a b l e  
i s  one w hich  c a n  ta k e  on an y  v a lu e  b e tw een  s p e c i f i e d  l i m i t s .
In  th e  c a se  o f  th e  n o rm a l d i s t r i b u t i o n ,  th e  l i m i t s  o f  th e  
v a r i a b l e ,  X, a r e  n e g a t iv e  i n f i n i t y  and  p o s i t i v e  i n f i n i t y .
In  o th e r  w o rd s , X may ta k e  on an y  v a lu e .  The e q u a t io n  o f  t h i s  
d i s t r i b u t i o n  i s  s
_ l (  X - / H \2
Y = 2 V /  w here
\/Z rrcr e
Y.= h e ig h t  o f  th e  c u rv e  a t  a  s p e c i f i e d  v a lu e  o f  X 
<r ss s ta n d a r d  d e v i a t i o n  o f  th e  n o rm al p o p u la t io n  
^  = mean o f  th e  n o rm al p o p u la t io n  
3 .1  M 6 ( p i )
e * 2 . 71 8 3 , a  m a th e m a tic a l ly  d e te rm in e d  c o n s ta n t  
w h ich  i s  th e  b a s e  o f  th e  n a t u r a l  
(N a p e r ia n ) lo g a r i th m s  
X = a  c o n t in u o u s  v a r i a b l e .
S p e c i f ic  v a lu e s  m ust be a s s ig n e d  to  and  <T b e fo re  
a  s p e c i f i c  n o rm al c u rv e  c a n  be i d e n t i f i e d .  In  o th e r  w o rd s , 
th e  above e q u a t io n  d e f in e s  a  “ family** o f  n o rm al c u r v e s ,  and  
e a c h  tim e  v a lu e s  a r e  s p e c i f i e d  f o r M  and  (T, a  p a r t i c u l a r  
n o rm al d i s t r i b u t i o n  i s  i d e n t i f i e d .
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F or ex am p le , l e t  u s  s p e c i f y f \ =100 and<T=10 , th e  
p a r t i c u l a r  n o rm al c u rv e  i d e n t i f i e d  i s  p r e s e n te d  in  F ig u re  5*1 
on th e  l e f t .  Note t h a t  th e  n o rm al c u rv e  i s  p e r f e c t l y  s y m m e tr ic a l ,  
w ith  a  c e n t r a l l y  lo c a te d  p e a k . T h e re fo re ,  th e  g e n e r a l  a p p e a ra n c e  
i s  t h a t  o f  a  h i l l  o r  h e l l .  Owing to  th e  p e r f e c t  sym m etry o f  
th e  d i s t r i b u t i o n ,  and  c e n t r a l  p e a k , th e  m ean, m e d ian , and  mode 
a r e  a l l  e q u a l  f o r  a  n o rm al d i s t r i b u t i o n .
How i s  th e  n o rm al c u rv e  changed  i f  /*\ and  <T a r e  ch an g ed ?  
S u p p o se , we s p e c i f y =150 in s t e a d  o f  1 0 0 , w h ile  cr'r e m a in s  
th e  sam e. The n o rm al cu rv e  i d e n t i f i e d  by  th e  v a lu e s  o f  / \  =150 
and  <T=10 i s  p r e s e n te d  i n  F ig u re  5*1 on th e  r i g h t ,  O bserve 
t h a t  th e  o n ly  e f f e c t  on th e  d i s t r i b u t i o n  i s  to  s h i f t  i t  to  
a  h ig h e r  p o s i t i o n  on th e  X s c a l e .  In  a l l  o th e r  r e s p e c t s ,  
th e  two n o rm al d i s t r i b u t i o n s  a r e  i d e n t i c a l .
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F ig u re  5*1 Norm al D i s t r i b u t i o n s  w i th  th e  Same
S ta n d a rd  D e v ia t io n  and  D i f f e r e n t  M eans.
Now, su p p o se  th e  s ta n d a r d  d e v i a t i o n  c h a n g e s .
F ig u re  5*2 p r e s e n t s  two n o rm al d i s t r i b u t i o n s  w i th  th e  same 
m ean, b u t  w i th  d i f f e r e n t  s ta n d a r d  d e v i a t i o n s .  N ote t h a t  th e  
d i s t r i b u t i o n  w ith  th e  l a r g e r  cr h a s  a  g r e a t e r  s p re a d  o r  
d i s p e r s io n  a b o u t th e  mean th a n  th e  one w i th  a  s m a l le r  CT•
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c r =  10
F ig u re  5*2 Normal D i s t r i b u t i o n s  w ith  th e  Same
Mean an d  D i f f e r e n t  S ta n d a rd  D e v ia t io n s .
The m ost im p o r ta n t  u se  o f  th e  n o rm al d i s t r i b u t i o n
i n  s t a t i s t i c a l  u se  i s  r e l a t e d  to  th e  a r e a  u n d e r  th e  c u rv e .
Note i n  F ig u re  5*3 t h a t  th e  d i s t r i b u t i o n  o f  th e  a r e a s  u n d e r
th e  c u r v e ,  when v iew ed  on a  co m p arab le  b a s i s ,  a r e  i d e n t i c a l .
02. 02
-1
cr
2 cr 2 <r
F ig u re  5«3 S ta n d a rd  Normal D i s t r i b u t i o n
( *  0 , cT = 1 ).
G e n e ra l ly ,  o u r  i n t e r e s t  i n  th e  n o rm al d i s t r i b u t i o n  w i l l  be
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i n  th e  s ta n d a r d  n o rm al d i s t r i b u t i o n  e x p re s s e d  i n  z u n i t s .
As can  be o b se rv e d  in  F ig u re  5*3* o n ly  2fo o f  th e  p o p u la t io n  
i s  f a r t h e r  th a n  2z o r  two s ta n d a r d  d e v ia t i o n s  from  th e  mean.
S in c e  th e  a r e a  c o r re s p o n d in g  to  a  s p e c i f i c  i n t e r v a l  
a lo n g  th e  h o r i z o n ta l  s c a le  i n d i c a t e s  a  p e rc e n ta g e  o f  th e  
p o p u la t io n ,  i t  may a l s o  be i n t e r p r e t e d  a s  a  p r o b a b i l i t y .
T h is  i s  th e  m ain u se  o f  th e  n o rm al d i s t r i b u t i o n  i n  s t a t i s t i c s .  
T h is  i s  a c c o m p lish e d  by u s in g  th e  T ab le o f  A reas  Under th e  
Normal Curve* A reas  from  th e  Mean to  S p e c i f ie d  V alu es  o f  z .  
P le a s e  n o te  A ppendix B, T ab le  I J  f o r  t h i s  in f o rm a t io n .
An exam ple w i l l  h e lp  i l l u s t r a t e .  I f  th e  mean s c o re  
on a  v o c a t io n a l  a s s e s s m e n t t e s t  was 22 p o in t s  w i th  a  s ta n d a rd  
d e v i a t i o n  o f  3 p o i n t s ,  and  th e s e  s c o re s  a r e  d i s t r i b u t e d  
a p p ro x im a te ly  l i k e  th e  n o rm al c u r v e ,  s e v e r a l  f a c t s  can  be 
d e te rm in e d .
What i s  th e  p e r c e n ta g e  o f  th e  sam ple o f  s c o re s  betw een  
18 p o in t s  and  2 3 .2  p o i n t s ?  We m ust f i r s t  t r a n s fo rm  th e  s c o re s  
18 and  2 3 .2  to  s ta n d a rd  u n i t s .  W ith X*=22 and s = 3 • th en *
Z i8* (3.8-22 ) /3 * - V 3 SB- i .  33 and  z23 2= (2 3 . 2-22  ) / 3= l . 2/ 3* 0 .
From T ab le  I  i n  A ppendix  B, a  z v a lu e  o f  - 1 .3 3  i s  .^082  o f  
th e  a r e a ,  and  a  z v a lu e  o f  0 .^  i s  *$$$$ o f  th e  a r e a .  In  o th e r  
w o rd s , .5636  o r  5 6 . 3 o f  th e  sam ple f a l l s  b e tw een  th e  s c o re s  
©f 18 and  2 3 . 2 . I t  w ould th e n  be s t a t e d  t h a t  th e  p r o b a b i l i t y  
i s  5 6 . 36^  t h a t  i f  a  s c o re  i s  s e l e c t e d  a t  random  from  th e  sam p le , 
i t  w i l l  have a  v a lu e  b e tw een  18 and  2 3 . 2 .
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A n o th e r , b u t  v e ry  s i m i l a r  u se  o f  th e  no rm al 
d i s t r i b u t i o n  i s  t o  f i n d  th e  p r o b a b i l i t y  t h a t ,  i f  a  s c o re  i s  
s e l e c t e d  a t  random  from  th e  sa m p le , i t  w i l l  be h ig h e r  th a n  
a  c e r t a i n  v a lu e .  U sing  th e  exam ple from  th e  v o c a t io n a l  
a s s e s s m e n t t e s t  a b o v e , w hat i s  th e  p r o b a b i l i t y  t h a t  a  s c o re  
w i l l  be above 28?  F i r s t l y ,  t r a n s fo rm in g  28 to  s ta n d a r d  u n i t s ,  
we o b ta in  z2 g32 (28-22  ) /3 = 2 . By lo o k in g  a t  T ab le  I  i n  A ppendix B, 
we f in d  t h a t  .^772  o f  th e  s c o re s  f a l l  b e tw een  th e  mean (z=Q) 
and  28 (z= 2 ). S in ce  th e  c u rv e  o f  th e  n o rm al d i s t r i b u t i o n  i s  
s y m m e tr ic a l ,  h a l f  ( . 5 0 0 0 ) o f  th e  t o t a l  a r e a  u n d e r  th e  c u rv e  
l i e s  on each  s id e  o f  th e  mean. T h e re fo re ,  .5000-.4772*= .0228 
o r  a b o u t 2fo o f  th e  s c o r e s ,  i f  s e l e c t e d  a t  random , w i l l  be 
h ig h e r  th a n  28 p o i n t s .
F i n a l l y ,  i t  m ust be n o te d  t h a t  we a r e  m aking th e  
a s su m p tio n  t h a t  th e  s c o r e s  a r e  m easu red  on a  c o n tin u o u s
s c a l e .  Such an  a s su m p tio n  i s  n e c e s s a r y  i f  we a r e  to  r e p r e s e n t
a  r e a l  sam ple o r  r e a l  p o p u la t io n  by  th e  n o rm al c u rv e .
T - t e s t s
S im p ly , t - t e s t s  a r e  u se d  f o r  e q u a l i t y / i n e q u a l i t y  
m easu res  o f  a  sam ple a s  com pared to  a  p o p u la t io n ,  when th e  
sam ple s i z e  i s  l e s s  th a n  30 . The t - t e s t  i s  a l s o  u se d  in  
d e c i s io n  m aking q u e s t i o n s ,  when th e  sam ple s i z e  i s  l e s s  th a n  3 0 *
I f  th e  sam ple s i z e  i s  more th a n  3 0 , th e  p ro c e d u re s  f o r
z - t e s t s  a r e  u s e d , a s  d e s c r ib e d  in  th e  p r e v io u s  s e c t i o n .
In  o r d e r  to  com pare e q u a l i t y / i n e q u a l i t y  q u e s t io n s  
and  d e c i s io n  m aking q u e s t i o n s ,  a  th r e e - p h a s e  p ro c e d u re  m ust 
be fo llo w e d .
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T h is  th r e e - p h a s e  p ro c e d u re  (A rraore, 1 9 66 , p p . 3 5 8 -3 5 9 ) 
i s  a s  fo l lo w s  t
A. F o rm u la te  th e  P ro b lem .
1 . S p e c ify  th e  t e s t  p a ra m e te r .
2 . S ta t e  th e  h y p o th e s is  to  be t e s t e d  (Hq ) .
3# S e t  up an  a l t e r n a t i v e  h y p o th e s is  (H ^) ,  to
be a c c e p te d  in  th e  e v e n t  Hq i s  r e j e c t e d .
4 . S p e c ify  «*, th e  l e v e l  o f  s ig n i f i c a n c e  o f  t h e i t e s t .
B. C o n s tru c t  th e  D e c is io n  M odel.
1 . S p e c ify  th e  t e s t  s t a t i s t i c .
2 . D eterm ine th e  sa m p lin g  d i s t r i b u t i o n  o f  th e  
t e s t  s t a t i s t i c  by s p e c i f y in g  th e  t h e o r e t i c a l  
sa m p lin g  m odel w h ich  i s  a p p r o p r i a t e .
3 . S p e c ify  th e  t e s t  v a r i a b l e  and  th e  c o m p u ta t io n a l 
e q u a t io n .
ty. S ta te  th e  d e c i s io n  r u l e  i n  te rm s  o f  th e  t e s t
v a r i a b l e ,  d e f in in g  th e  r e g io n  o f  r e j e c t i o n
on th e  one h a n d , and  th e  r e g io n  o f  a c c e p ta n c e  
o r  o f  no d e c i s io n  on th e  o th e r .
C. E v a lu a te  th e  Sample D a ta .
1 . Compute th e  t e s t  s t a t i s t i c  b a sed  upon th e  
th e  sam ple d a t a .
2 . Compute th e  t e s t  v a r i a b l e .
3 . E v a lu a te  th e  t e s t  v a r i a b l e  a c c o rd in g  to  th e  
d e c i s io n  r u l e .
Make th e  d e c i s io n .
5^
The e q u a t io n  f o r  th e  t - t e s t  i s  *
x — <Aft  ■ — — —  w ith  d f  = n - 1 .
s /  1/ I T
In  t h i s  e q u a t io n ,  X i s  th e  sam ple m ean, / f  i s  th e  
p o p u la t io n  m ean, s  i s  th e  s ta n d a r d  d e v i a t i o n  o f  th e  sam p le , 
n  i s  th e  num ber i n  th e  sa m p le , an d  d f  i s  th e  d e g re e s  o f  freedom  
in  th e  sa m p le . The d e g re e s  o f  freedom  o f  a  sam ple i s  th e  
num ber o f  d e c i s io n s  w h ich  c a n  be made b e f o r e  th e  re m a in in g  
d e c i s io n s  a r e  p re d e te rm in e d . F or ex am p le , i f  a  sam ple h a s  an  
n= 7 , th e n  d f ss6 . I f  we know t h a t  th e  t o t a l  o f  th e  7 s c o re s  
i s  7 0 , we ca n  d e c id e  s i x  d i f f e r e n t  s c o r e s ,  add  th e s e  t o g e t h e r ,  
and  s u b t r a c t  t h i s  sum from  70. T h is  re m a in d e r  i s  th e  
p re d e te rm in e d  s c o re  w h ich  i s  n o t  p a r t  o f  th e  d e g re e s  o f  freed o m .
An im p o r ta n t  p o i n t  to  keep  i n  m ind when a n sw e rin g  
e q u a l i t y / i n e q u a l i t y  q u e s t io n s  and  d e c i s io n  m aking q u e s t io n s  
i s  w h e th e r  to  u se  a  o n e - t a i l  o r  t w o - t a i l  d e c i s io n .  T hat i s ,  
th e  ty p e s  o f  q u e s t io n s  w h ich  we w i l l  be a n sw e rin g  w i l l  d i c t a t e  
th e  need  f o r  e i t h e r  a  o n e - t a i l  o r  t w o - t a i l  d e c i s io n .  For 
ex am p le , i f  we a r e  i n t e r e s t e d  in  m aking a  d e c i s io n  c o n c e rn in g  
w hich  s tu d e n t s  to  sen d  to  r e p r e s e n t  th e  S ch o o l o f  S o c ia l  Work 
a t  a  n a t i o n a l  c o n v e n t io n ,  we m ig h t d e c id e  to  sen d  th o s e  
s tu d e n t s  whose g ra d e  p o i n t  a v e ra g e s  a r e  i n  th e  to p  2 . 5$  o f  
th e  c l a s s .  Then we w ould  u se  a  o n e - t a i l  d e c i s io n .
We know t h a t  when m aking z - t e s t s ,  th e  to p  2 ,5 $  i s  
fou n d  to  be i n  s c o r e s  t h a t  a r e  1 .9 6  s ta n d a r d  s c o re s  above th e  
m ean. However, i f  th e  s i z e  o f  th e  sam ple i s  l e s s  th a n  3 0 , we 
m ust u se  a  t - t e s t  to  d e c id e  how many s t u d e n t 's  g ra d e  p o in t  
a v e ra g e s  a r e  i n  th e  to p  2 .5 $  o f  th e  c l a s s .  I f  th e r e  a r e
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25 s tu d e n t s  i n  th e  c l a s s ,  th e n  th e  d e g re e s  o f  freedom  w ould 
he 2 4 . By lo o k in g  a t  T ab le I I  i n  A ppendix  B, we se e  t h a t  
a  t  v a lu e  o f  2 ,0 6 4  i s  th e  v a lu e  above w hich  2 ,5 $  o f  th e  g ra d e
p o in t  a v e ra g e s  w ould l i e .  T h e r e f o re ,  by  u s in g  a  o n e - t a i l
d e c i s i o n ,  we can  f in d  o u t  how many o f  th e  s tu d e n ts  a r e  i n
th e  to p  2 , 5$  ©f t h e i r  c l a s s .
S e v e r a l  exam ples may h e lp  i l l u s t r a t e  t h i s  p o i n t  o f  
o n e - t a i l  o r  t w o - t a i l  d e c i s i o n s ,  a s  w e l l  a s  th e  th r e e - p h a s e  
p r o c e d u r e ,  and  th e  m a jo r  u s e s  o f  th e  t - t e s t .
In  a  s tu d y  o f  V eteran*  s  A d m in is t r a t io n  H o s p i ta l  
r e s i d e n t s ,  t h e i r  mean I ,Q , was 1 0 0 ,7  w ith  a  s ta n d a r d  
d e v i a t i o n  o f  3 . 6 . T h e r e f o r e , = 1 0 0 ,7  and  (T = 3 -6 .  A
sam ple from  a n o th e r  V e te r a n 's  A d m in is t r a t io n  H o s p i ta l  had a  
sam ple m ean, X, e q u a l  to  1 0 3 .4  and  a  s ta n d a r d  d e v i a t i o n ,  s ,  
e q u a l  t o  2 ,7 ,  w ith  a  sam ple s i z e ,  n ,  e q u a l  to  2 5 , T hus, i n  
t h i s  sa m p le , th e  d e g re e s  o f  fre ed o m , d f ,  i s  e q u a l  to  24 .
The q u e s t io n  i s s  c a n  we i n f e r  from  t h i s  sam ple th e  
p o p u la t io n  p a r a m e te r s ?  O r, i n  o th e r  w o rd s , i s  t h i s  a  sam ple 
from  o u r  p o p u la t io n ?
A , F o rm u la te  th e  P ro b lem .
1 . The t e s t  p a ra m e te rs  a r e / l^ lO O .?  a n d (T= 3 -6 .
2 . Hq : =*100.7.
3 . H j i / l ^ l O G .7 .
4 . o** = , 0 5 , w h ich  means t h a t  95 o u t  o f  100 t im e s ,
th e  f in d in g s  t h a t  35=^ w i l l  n o t  o c c u r  by c h a n c e .
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B. C o n s tru c t  th e  D e c is io n  M odel.
1 . X i s  th e  sam ple mean,
2 . The sa m p lin g  d i s t r i b u t i o n  i s  th e  t - t e s t ,  
w ith  n -1  d e g re e s  o f  freed o m ,
3 . The t e s t  v a r i a b l e  i s  t  -  .
s /  VW
4 . I f  - 2 , 0 6 4 < t < 2 , 0 6 4  (from  T ab le  I I I  In  
A ppendix  B ), th e n  th e  sam ple comes from  
th e  p o p u la t io n .
C, E v a lu a te  th e  Sample D a ta .
1 . X = 1 0 3 .4 .
1 0 3 .4 -1 0 0 .7
2 . T e s t v a r i a b l e ,  t ,  i s  e q u a l  to  2 7 /  s/2$  =
3 . t  = 5 f a l l s  i n  th e  a r e a  o f  r e j e c t i o n .
4 .  So , th e  two m e asu res  a r e  n o t  e q u a l .  T h e re fo re ,
t h i s  sam ple i s  n o t  r e p r e s e n t a t i v e  o f  th e  p o p u la t io n .
A n o th e r exam ple i s  one i n  w h ich  a  p r i n c i p a l  i n  a  
ju n io r  h ig h  knows t h a t  th e  mean s c o re  on a n  a p t i t u d e  t e s t  h as  
b een  a b o u t 125 f o r  s tu d e n t s  e n t e r in g  h ig h  s c h o o l .  He d e c id e s  
to  lo o k  a t  th e  p ro b lem  o f  w h e th e r  o r  n o t  th e  e d u c a t io n a l  p rog ram s 
a t  h i s  s c h o o l p r e p a re  th e  s tu d e n t s  f o r  h ig h  s c h o o l .  He s e l e c t s  
a  sam ple o f  22 s t u d e n t s ,  and  f i n d s  a  mean o f  1 2 1 .3  and  a
s ta n d a r d  d e v ia t i o n  o f  1 2 .7 .  What sh o u ld  th e  p r i n c i p a l  do?
A. F o rm u la te  th e  P ro b lem .
1 . The t e s t  p a ra m e te r  i s  , th e  p o p u la t io n  mean
s c o re  on th e  a p t i t u d e  t e s t ,
2 . Hqt 1 2 5 .
3 . / ^ <  125 .
4 . «  = . 0 5 .
B. Construct the Decision Model
1 . X i s  th e  sam ple mean*
2 . The sa m p lin g  d i s t r i b u t i o n  i s  th e  t - t e s t ,  
w i th  n -1  d e g re e s  o f  freedom *
3* The t e s t  v a r i a b l e  i s  t  = -  ~ ^  .
s /  \T K
4 . I f  t  <1.-1.721 (from  T ab le  I I  i n  A ppendix  B ), 
th e n  r e j e c t  Hq and  a c c e p t  H^.
C. E v a lu a te  th e  Sample D a ta .
1 . X = 1 2 1 . 3 .
1 2 1 .3 -1 2 5
2 . T e s t  v a r i a b l e ,  t ,  i s  e q u a l  to  ^  y / \ f 2 2  *“
3 . t  88 - 1 .3 7  f a l l s  i n  th e  a r e a  o f  a c c e p ta n c e .
4 . So, th e  p r i n c i p a l  w i l l  be s a t i s f i e d  w ith  
th e  q u a l i t y  o f  th e  e d u c a t io n a l  p ro g ram s i n  
th e  ju n io r  h ig h .  T h e re fo re ,  he w i l l  make no 
ch a n g es  i n  th e  e d u c a t io n a l  p ro g ram s o f  h i s  
s c h o o l ,  a t  t h i s  t im e .
In  c o n c lu s io n ,  th e  t - t e s t  i s  u se d  when t e s t i n g  to  se e  
i f  a  sam ple (n <  3 0 ) i s  r e p r e s e n t a t i v e  o f  th e  p o p u la t io n ,  o r  
t o  make d e c i s io n s .  Q u e s tio n s  su c h  a s  a t  w hat l e v e l  o f  
s i g n i f i c a n c e  and  w h e th e r  to  make a  o n e - t a i l  o r  a  t w o - t a i l  
d e c i s io n  m ust be an sw e re d . Then th e  e q u a t io n :
X —t  = — — —  w ith  a  d f  = n - 1 , 
s / V 1 T
may be u s e d .
CHAPTER VI.
CORRELATION AND REGRESSION 
I n t r o d u c t io n
Many o f  th e  p ro b lem s i n  s t a t i s t i c a l  w ork in v o lv e  
two o r  more v a r i a b l e s .  Two ©f th e  te c h n iq u e s  f o r  d e a l in g  w ith  
d a ta  a s s o c i a t e d  w ith  two o r  more v a r i a b l e s  a r e  c o r r e l a t i o n  
and  r e g r e s s i o n . A lth o u g h  th e  em p h asis  i s  on two v a r i a b l e s ,  
th e  m ethods can  be e x te n d e d  to  d e a l  w i th  more th a n  tw o.
In  c o r r e l a t i o n  s t u d i e s ,  th e  s e v e r a l  v a r i a b l e s  a r e  
s tu d i e d  s im u l ta n e o u s ly  to  se e  how th e y  a r e  i n t e r r e l a t e d .
In  r e g r e s s i o n  s t u d i e s ,  t h e r e  i s  u s u a l ly  one p a r t i c u l a r  v a r i a b l e  
o f  i n t e r e s t ,  and th e  re m a in in g  v a r i a b l e s  a r e  s tu d i e d  f o r  t h e i r  
r e l a t i o n s h i p  w ith  th e  o th e r  o n e .
C o r r e la t io n
C o r r e la t io n s  a r e  m ost o f te n  u se d  to  show r e l a t i o n s h i p s  
b e tw een  v a r i a b l e s  o r  c o n c e p ts .  A m easure  o f  a s s o c i a t i o n  o r  
c o r r e l a t i o n  i s  u s u a l l y  shown by  a  two d i g i t  f i g u r e  betw een  
.0 0  and  .9 9 .  T h is  d i g i t  i s  c a l l e d  th e  " c o r r e l a t i o n  c o e f f ic ie n t .* *
C o r r e l a t io n  c o e f f i c i e n t s  a l s o  have d i r e c t i o n s .  For 
ex a m p le , two c o r r e l a t i o n s c o e f f i c i e n t s  o f  - . 7 0  a n d , . 70 
show a n  e q u a l  r e l a t i o n s h i p  b e tw een  th e  v a r i a b l e s .  A m inus 
s ig n  i s  u se d  to  i l l u s t r a t e  a n  in v e r s e  r e l a t i o n s h i p , and  no 
s ig n  i s  u se d  to  i l l u s t r a t e  a  d i r e c t  r e l a t i o n s h i p .
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F or ex am p le , a  c o r r e l a t i o n  c o e f f i c i e n t  o f  .63  m ig h t 
be found  b etw een  ag e  and  e d u c a t io n a l  l e v e l .  What t h i s  
s i g n i f i e s  i s  t h a t  th e r e  i s  a  r e l a t i o n s h i p  o f  s t r e n g t h  ,63  
t h a t  when a  p e r s o n 's  age i n c r e a s e s ,  so  d o es  t h e i r  e d u c a t io n a l  
l e v e l .  On th e  o th e r  h an d , a  c o r r e l a t i o n  o f  - . 2 7  m ig h t be found  
b e tw een  a  m a le 's  ag e  and  th e  q u a n t i t y  o f  h a i r  on h i s  h ea d .
T h is i l l u s t r a t e s  t h a t  a s  a  m ale p e r s o n  g e t s  o l d e r ,  th e  am ount 
o f  h a i r  on h i s  h ead  becom es l e s s .
There i s  no g e n e r a l  ag ree m e n t a s  to  w hat i s  a  s t r o n g  
c o r r e l a t i o n  o r  a  weak c o r r e l a t i o n .  H ow ever, th e  fo l lo w in g  
a r e  g u id e l in e s  a s  s u g g e s te d  in  G o ls te in  (1969? p . 268 ) t
1 . S tro n g  o r  h ig h  c o r r e l a t i o n s  a r e  i n  th e  ra n g e  
o f  .7 0  and  ab o v e  (o r  - .7 0  an d  b e lo w ).
2 . M o d e ra te ly  h ig h  o r  m o d e ra te ly  s t r o n g  c o r r e l a t i o n s  
a r e  i n  th e  ra n g e  o f  .3 #  to  .6 9  (o r  - . 6 9  to  - .3 * 0 .
3 . Weak o r  low c o r r e l a t i o n s  ra n g e  b e tw een  - .3 3
and  . 3 3 .
Remember t h a t  th e  n e g a t iv e  f i g u r e  o n ly  r e p r e s e n t s  
t h a t  th e r e  i s  a n  in v e r s e  r e l a t i o n s h i p  b e tw een  th e  v a r i a b l e s ,  
n o t  t h a t ,  f o r  ex am p le , - . 3^  i s  l e s s  th a n  .2 6 . As a  m a t te r  
o f  f a c t ,  a  c o r r e l a t i o n  c o e f f i c i e n t  o f  - . 3^  shows a  s t r o n g e r  
r e l a t i o n s h i p  th a n  one o f  .2 6 .
There a r e  s i x  d i f f e r e n t  ty p e s  o f  c o r r e l a t i o n s .  Each 
i s  u se d  w i th  th e  d i f f e r e n t  k in d  o f  s c a l e s t n o m in a l, o r d i n a l ,  
i n t e r v a l ,  o r  r a t i o ,  a s  w e l l  a s  when th e  v a r i a b l e s  a r e  
d i s c r e t e  o r  c o n t in u o u s .  These s i x  a r e  ( G o ld s te in ,  1969»
p p . 2 6 9 -2 7 0 ) 8
1 . The c o n t in g e n c y  c o e f f i c i e n t  ("C ") i s  u se d
when b o th  v a r i a b l e s  a r e  n o m in a lly  s c a le d  and  a r e  
i n  more th a n  two c a t e g o r i e s ,
2 . Rho, o r  th e  r a n k  o r d e r  c o e f f i c i e n t , i s  u se d  f o r
c o n t in u o u s  v a r i a b l e s  t h a t  a r e  s c a le d  on a n  
o r d in a l  s c a le  , so  t h a t  o n ly  th e  r a n k  o r d e r
o f  o b s e r v a t io n s  i s  a v a i la b le *
3 . The b i - s e r i a l  r  ( " r ^ ^ g " ) i s  u se d  when one v a r i a b l e
i s  c o n t in u o u s  and  th e  o th e r  i s  d ie h o to m o u s , o r
d iv id e d  i n t o  o n ly  two c l a s s e s ,
4 .  The t e t r a c h o r i c  r  ( " r ^  ) i s  u se d  when b o th
v a r i a b l e s  a r e  d ic h o to m o u s , su c h  a s  i n  a  2 by  2 t a b l e ,
5 . P h i c o e f f i c i e n t  ( n0 " ) i s  a l s o  u se d  when b o th
v a r i a b l e s  a r e  d ic h o to m o u s , su c h  a s  i n  a  2 by  2 t a b l e ,
6 . The P e a r s o n ia n  c o r r e l a t i o n  ( Mr w) i s  u se d  to  
com pute r e l a t i o n s h i p s  when b o th  v a r i a b l e s  a r e  
c o n t in u o u s  and  i n t e r v a l l y ,  o r  r a t i o ,  s c a le d .
I t  i s  th e  m ost a c c u r a te  when th e r e  i s  a  l a r g e r  
number o f  c a t e g o r i e s  (10 o r  m ore) in  e a c h  v a r i a b l e .
The fo rm u la  o f  th e  c o r r e l a t i o n  c o e f f i c i e n t  i s !
j h Xi-X)(Y.-Y)
C o r r e l a t i o n  C o e f f ic ie n t}  r  i==l_______________
( n - 1 ) s xs y
The i n t e r p r e t a t i o n  o f  a  c o r r e l a t i o n  c o e f f i c i e n t  a s  
a  m easu re  o f  th e  s t r e n g t h  o f  th e  l i n e a r  r e l a t i o n s h i p  betw een  
two v a r i a b l e s  i s  a  p u r e ly  m a th e m a tic a l  i n t e r p r e t a t i o n .  As 
s u c h , i t  i s  c o m p le te ly  l a c k in g  o f  an y  c a u se  o r  e f f e c t  im p l i c a t io n s .  
The f a c t  t h a t  two v a r i a b l e s  te n d  to  in c r e a s e  o r  d e c re a s e
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t o g e th e r  does n o t  im p ly  t h a t  one h as  an y  d i r e c t  o r  i n d i r e c t  
e f f e c t  on th e  o th e r .  B oth may he in f lu e n c e d  by  o th e r  v a r i a b l e s  
i n  su ch  a  majaner a s  to  g iv e  r i s e  to  a  s t r o n g  m a th e m a tic a l 
r e l a t i o n s h i p .  Which m eans, c o r r e l a t i o n  d o es n o t  show a  
c a u s e - a n d - e f f e c t  r e l a t i o n s h i p  b e tw een  v a r i a b l e s .
R e g re s s io n
U su a lly  we s tu d y  th e  r e l a t i o n s h i p  b e tw een  two o r  
more v a r i a b l e s  i n  th e  h opes t h a t  any  r e l a t i o n s h i p  t h a t  i s  
found  ca n  be u se d  to  a s s i s t  i n  m aking e s t im a te s  o r  p r e d i c t i o n s  
o f  a  p a r t i c u l a r  one o f  th e  v a r i a b l e s .  The c o r r e l a t i o n  
c o e f f i c i e n t  i s  m e re ly  c o n c e rn e d  w ith  d e te rm in in g  how 
s t r o n g l y  two su ch  v a r i a b l e s  a r e  l i n e a r l y  r e l a t e d ,  and  i t  i s  
n o t  e a p a b le  o f  s o lv in g  p r e d i c t i o n  p ro b le m s . M ethods t h a t  have 
b een  d e s ig n e d  to  h a n d le  p r e d i c t i o n  p ro b lem s a r e  known a s  
r e g r e s s i o n  m e th o d s . A lth o u g h  th e r e  i s  l i n e a r  r e g r e s s i o n ,  
m u l t ip le  l i n e a r  r e g r e s s i o n ,  and  n o n l in e a r  r e g r e s s i o n ,  th e  
m ost common ty p e  o f  r e g r e s s i o n  m e th o d s , and  th e  one we w i l l  
s tu d y  i n  t h i s  t e x t ,  i s  one known a s  th e  l i n e a r  r e g r e s s i o n  
m ethod .
One a s su m p tio n  w h ieh  m ust be made i s  t h a t  th e r e  i s  
a  t h e o r e t i c a l  s t r a i g h t  l i n e  t h a t  e x p r e s s e s  th e  l i n e a r  
r e l a t i o n s h i p  b e tw een  th e  t h e o r e t i c a l  mean v a lu e  o f  Y (Y ), 
and  th e  c o r r e s p o n d in g  v a lu e  o f  X (X ).
Thus, th e  p ro b lem  o f  l i n e a r  p r e d i c t i o n s  r e d u c e s  to  
th e  p ro b lem  o f  f i t t i n g  a  s t r a i g h t  l i n e  to  a  s e t  o f  p o i n t s .
Now, th e  e q u a t io n  o f  a  s t r a i g h t  l i n e  i s  Y = a  + bX i n  w hich  
a  and  b a r e  p a ra m e te rs  d e te rm in in g  th e  l i n e .  The p a ra m e te r  a
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d e te rm in e s  w here th e  l i n e  c u t s  th e  Y -a x is . The p a ra m e te r  b 
d e te rm in e s  th e  s lo p e  o f  th e  l i n e .
S in ce  th e  p ro b lem  i s  to  d e te rm in e  th e  v a lu e s  o f  th e  
p a ra m e te rs  a  and  b so  t h a t  th e  l i n e  w i l l  f i t  a  s e t  o f  p o in t s  
w e l l ,  th e  p ro b lem  i s  e s s e n t i a l l y  one o f  e s t im a t in g  th e  
p a ra m e te rs  a  and  b i n  some e f f i c i e n t  m anner.
I t  h a s  b een  fou n d  t h a t :
^ ( Xi -  X) Y.
a  = Y and  b «*   .
n  _  ?
- xr
i= l
T h u s, th e  r e g r e s s i o n  l i n e  o f  Y on X i s :
3 T (X . -  X) Y.
R e g re s s io n  L in e :  Y* = Y + b(X -X ) w here b =   .
n  _  ^
(Xj - X)
i= l
The p rim e  i s  p la c e d  on Y (Y* ) o n ly  to  d i s t i n g u i s h  
th e  s t r a i g h t  l i n e  o f  Y from  th e  o b se rv e d  v a lu e  o f  Y, i f  
we a r e  g iv e n  th e  v a lu e  o f  X.
Summary
Hie b a s ic  d i f f e r e n c e  b etw een  c o r r e l a t i o n  and  r e g r e s s i o n  
m ethods i s  t h a t  i n  th e  c o r r e l a t i o n  p ro b le m , b o th  th e  X and  
th e  Y v a r i a b l e s  a r e  s t a t i s t i c a l  v a r i a b l e s  whose v a lu e s  a r e  
d e te rm in e d  o n ly  a f t e r  th e  sam ple  i s  o b ta in e d .  In  th e  
r e g r e s s i o n  p ro b le m , on th e  o th e r  h a n d , th e  X v a lu e s  a r e  
ch o sen  in  a d v a n c e , so  t h a t  th e  Y v a lu e s  a r e  d e te rm in e d  
by  th e  sa m p le •
63
In  te rm s  o f  th e  p u rp o se  , a  c o r r e l a t i o n  c o e f f i c i e n t  
i s  u s e f u l  f o r  d e s c r ib in g  how s t r o n g ly  two v a r i a b l e s  a r e  
l i n e a r l y  r e l a t e d .  R e g re s s io n  i s  u se d  to  make p r e d i c t i o n s  
a b o u t  a  v a r i a b l e f when th e  o th e r  v a r i a b l e  i s  known.
C o r r e l a t i o n  c o e f f i c i e n t s  do n o t  le n d  th e m s e lv e s  
r e a d i l y  to  q u a n t i t a t i v e  s ta te m e n ts  u n le s s  th e y  a r e  a s s o c i a t e d  
w i th  r e g r e s s i o n .  Thus, c o r r e l a t i o n  i s  u s u a l l y  th e  f i r s t  
p h a se  in  th e  s tu d y  o f  th e  r e l a t i o n s h i p  o f  two v a r i a b l e s ,  
w h e rea s  r e g r e s s i o n  i s  th e  b a s ic  te c h n iq u e  to  u se  i n  su ch  
a  s tu d y .  From t h i s  tw o - s te p  p r o c e s s ,  th e  r e s e a r c h e r  w i l l  
g a in  know ledge o f  th e  r e l a t i o n s h i p  b e tw een  th e  two v a r i a b l e s ,  
a s  w e l l  a s  b e in g  a b le  to  p r e d i c t  one v a r i a b l e  w i th  h i s  
know ledge o f  th e  o th e r  v a r i a b l e .
APPENDIX A
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TABLE I.
PROPERTIES OF THE FOUR 
SCALES OF MEASUREMENT. 
(A rm ore, 1 9 6 6 , p .  2 5 )
S c a le  P r o p e r t i e s  S c a le
-
1 . E a u iv a le n c e . A l l  i te m s  i n  a
Nominal
g iv e n  c a te g o r y  (o r  w i th  a
S c a le
g iv e n  s c a le  v a lu e )  a r e  e q u a l .
2 . R e la t iv e  im p o r ta n c e . I n d i c a t e s O rd in a l
g r e a t e r  th a n  o r  l e s s  th a n . S c a le
I n t e r v a l
S c a le
4 . P ro v id e s  a  m easu re  o f  th e  
i n t e r v a l  ( d is ta n c e  ) o f  a  
g iv e n  s c a le  v a lu e  from  th e  
t r u e  z e ro  •p o in t. R a t io s  o f
s c a le  v a lu e s  a r e  m e a n in g fu l.
3 . P ro v id e s  a  m easu re  o f  th e  
i n t e r v a l  ( d i s t a n c e ) b e tw een  
s c a le  v a l u e s . R a tio  o f  s c a le  
i n t e r v a l s  a r e  m e a n in g fu l.
R
at
io
 
Sc
al
e
65
TABLE II.
POUR LEVELS OF MEASUREMENT AND THE STATISTICS 
APPROPRIATE TO EACH LEVEL.
( S ie g e l ,  1956 , p . 3 0 )
S c a le D e f in in g  R e la t io n s Exam ples o f  
A p p ro p r ia te  
S t a t i s t i c s
A p p ro p r ia te
S t a t i s t i c a l
T e s ts
Nom inal 1 . E q u iv a le n c e Mode
F req u en cy
C o n tin g en cy
c o e f f i c i e n t
N o n p aram etric
t e s t s
O rd in a l 1 . E q u iv a le n c e M edian Nonparame t r i e
2 . G re a te r  th a n P e r c e n t i l e  
Spearm an r_  
K en d a ll T s 
K en d a ll W
t e s t s
I n t e r v a l 1 . E q u iv a le n c e Mean Nonparame t r i e
2 . G re a te r  th a n S ta n d a rd t e s t s  and
3 . Known r a t i o  o f  
an y  two 
i n t e r v a l s
d e v ia t i o n  
P e a rso n  p r o d u c t -  
moment 
c o r r e l a t i o n
p a ra m e tic
t e s t s
R a t io 1 . E q u iv a le n c e G eom etric  mean N o n p aram e tric
2 . G re a te r  th a n C o e f f i c i e n t  o f t e s t s  and
3 . Known r a t i o  o f  
an y  two 
i n t e r v a l s  
Known r a t i o  o f  
an y  two 
s c a le  v a lu e s
v a r i a t i o n p a ra m e tr ic
t e s t s
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TABLE I.
TABLE OF AREAS UNDER THE NORMAL CURVE. 
(A rm ore, 1966 , p . 500)
OO• .01 .02 ,0 1 . 04 ,  05 .0 6 .0 7
CO0• .0 9
) . 000G .0040 .0080 .0 1 2 0 .0160 .0199 .0239 .0 2 7 9 .0319 .0359
.0398 .0438 .0478 .0517 .0557 .0596 . 0636 .0675 .0714 .0753) .0793 .0832 .0871 .0 9 1 0 .0 9 4 8 .0987 .1026 .1 0 6 4 .1103 .1141
I .1 1 7 9 .1217 .1255 .1293 .1331 .1368 .1406 .1443 .1480 .1517
V .1 5 5 4 .1591 .1628 . 1664 .1700 .1736 .1772 .1 8 0 8 .1844 .1879
) .1915 .1950 .1985 .2 019 .2054 .2088 .2123 .2157 .2190 .2 2 2 4
) .2 2 5 7 .2291 .2324 .2 3 5 7 .2389 .2422 .2454 . 2486 .2518 .2 5 4 91 .2 5 8 0 .2612 .2642 .2673 .2 7 0 4 .2734 .2764 .2 7 9 4 .2823 .2852
I .2881 .2910 .2939 .2967 .2995 .3023 .3051 .3 0 7 8 .3106 .3133
) .3 1 5 9 .3186 .3212 .3 2 3 8 .3264 .3289 .3315 .3 3 4 0 .3365 .3389
) .3413 .3438 .3461 • 3485 .3508 .3531 • 3554 .3577 .3599 .36210 .3643 .3665 . 3686 .3 7 0 8 .3 7 2 9 .3749 .3 7 7 0 .3 7 9 0 .3810 .3 8 3 0
.3 8 4 9 .3869 .3888 .3907 .3925 .3944 .3962 .3 9 8 0 .3997 .4015
i .4032 .4049 .4066 .4082 .4099 .4115 .4131 .4147 .4162 .4177
V .4192 .4207 .4222 .4236 .4251 .4265 .4 2 7 9 .4292 .4306 .4319
\ .4332 .4345 .4357 .4 3 7 0 .4382 .  4394 ,44o6 .4 4 1 8 .4429 .4441) .4452 ,4463 . 4474 . 4484 .4495 .4505 .4515 .4525 .4535 . 4545
7 .4 5 5 4 .4564 .4573 .4582 .4591 .4599 .4608 .4 6 1 6 .4625 .4633
\ .4641 .4649 .4656 .4 6 6 4 .4671 .4678 .4686 .4693 .4699 .4706
) .4713 .4719 .4726 .4732 .4738 .  4744 .4 7 5 0 .4756 , 4 |6 l .4767
) .4 7 7 4 .4778 .4783 .4 7 8 8 .4793 .4798 .4803 .4 8 0 8 .4812 .4817
.4821 .4826 .4830 .4 8 3 4 .4 8 3 8 .4842 .4846 .4 8 5 0 .4854 .4857
t .4861 . 4864 .4868 .4871 .4875 .4878 .4881 .4 8 8 4 .4887 .4 8 9 0I .4 8 9 3 .4896 .4898 .4901 .4 9 0 4 .4906 .4909 .4911 .4913 .49161- .4 9 1 8 .4920 .4922 .4925 .4927 .4929 .4931 .4932 .4934 .4936
> .4 9 3 8 .4 9 4 0 .4941 .4943 .4945 .4946 .4948 .4 9 4 9 .4951 .4952
> .4953 • 4955 .4956 .4 9 5 7 .4 9 5 9 .4 9 6 0 .4961 .4962 .4963 .4964
7 .4965 .4966 .4967 .4968 .4 9 6 9 .4 9 7 0 .4971 .4972 .4973 .49741 .4 9 7 4 .4975 .4976 .4977 .4977 .4 9 7 8 .4 9 7 9 .4 9 7 9 .4980 .4981> .4981 .4982 .4982 .4983 .4984 .4 9 8 4 .4985 .4985 .4986 .4986
)
)
.49865
.4999683
.4 9 8 7 .4987 .4 9 8 8 .4988 .4989 .4 9 8 9 .4 9 8 9 .4990 .4 9 9 0
T.
o:
c<
e:
m
d:
1
2
3
k
5
6
7
8
9
10
11
12
13
l k
15
16
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